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DEFINITIONS AND INTRODUCTORY REMARKS. 

1. f^Mosof^y is the science wfaich inquires into the laws that 
ipilgukte the phenomena of natinre, whether in the intellectual or 
moral world. 

The term Philosophj was first used by Pythagoras. Cicero, 7\i5- 
euUuuB Q^u^BsHoneSf fib. 5. cap. Si. 

2. Philosophy is divided into two branches, corresponding to 
the twa great classes of substances ; material and immaterial. 

The material world is the province of Natural Philosophy ; the 
properties and action of the bodies which compose the universe, 
the objects of its investigations. 

3. The essential properties of matter are Extension, Mobility, 
«td Impenetrability. 

Attraction is oAen classed among the properties of matter, parti" 
cularly that species of attraction known by the name of Gravi- 
tation ; but we can conceive matter to exist which neither gravi- 
tates nor is attracted in any manner by any other portion of mat- 
ter, and shall yet possess extension, impenetrability, and mobi- 
lity. 
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4. Body is a separate and determinate quantity of matter^ 
contained under some known fi^re, or existing in some determi- 
nate mode. 

The same matter, by a change in its mode of existence, may form 
many different bodies. 

5. Extension in three dimensions being a property of matter, 
it is, mathematically speaking, infinitely divisible ; for geome- 
tric and arithmetic magnitude are divisible ad infinitum. 

6. The actual division of matter can be carried to an almost 
incredible extent, as may be shown : by the great ductility of 
metals; by the distance at which odours affect the olfactory 
Serves; by the minuteness of the animalculse discovered through 
the aid of the microscope, each of which is an organized being ; 
by the colours of chemical solutions ; by the smallness of the 
particles of light. 

Still it may reasonably be doubted whether matter be infinitely di« 
visible ; the more probable supposition is, that it may finally be 
resolved into partides perfectly hard and incapable of further 
division. 

These particles are called atoms ; the theory that holds their ex- 
istence the atomic theory ; and it seems to be supported by the 
strong and conclusive evidence of numerous well ascertained 
facts. This evidence is, however, rather the object of chemi- 
cal than of physical investigation. 

7. Bodies, being of that class of geometric figures called solids, 
are inclosed by one or more boundaries. 

8. The boundaries of solids are surfaces ; the boundaries of 
surfaces, lines ; the terminations of lines, points. 

Geometry has been defined by Professor Leslie to be that branch 
of Natural Philosophy which treats of the property of matter 
^called extension. Leslie's Elements of Geotnetry. 
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9. fiy the term Impenetrability of Matter, it is intended to 
express the fact that no two particles of matter can occupy the 
iame portion of space at one and the same time. 

Id this sense the rarest floid is eqaally impenetrable with the hard- 
est solid. If matter were penetrable by matter, all the bodies 
of the universe might be united in any space, however small. 

MUSCHENBROCK, vol. 1, §81. 

10. The bodies that compose the universe, as regards inhabi* 
jBants of our earth, are either Terrestrial or Celestial. 

Terrestrial bodies are divided into three kingdoms ; the Mineral^ 
the Vegetable, and the Animal. 

11. Bodies differ from each other in respect of the ease or 
difficulty with which the particles they are composed of may be se- 
parated. Those in which the particles can be moved among 
each other by the smallest effort, are called fluid : those, where 
4faey adhere more strongly, solid bodies. 

12. Motion is continual and successive change of place. 

No body possesses within itself the power of changing its state, 
whether of motion or of rest. It cannot lose motion in any di- 
rection without communicating an eqnal amount to other bodies 
in the same direction ; neither can it acquire motion in any di- 
rection, without diminishing the motion of other bodies by an 
equal quantity in that same direction. 

This 18 the annunciation of that principle, called by some authors 
Inertia, and classed by them as one of the properties of matter* 
Playfair's Outlines, § 21. 

1 3. The foundation of the principles of Natural Philosophy 
rests upon experiment, and a careful observation of facts. The 
branch of knowledge that arranges and classifies facts, is called 
Natural History. Bacon, JVovum Organum, 
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H. When from a comparison of a numW of facts, koown, 
from experiment or observation, to be true, the existence of t 
more general fact is inferred, the inference is said to be made by 
Induction. Platfair, ^ 3. 

It is from iodaction that all certain knowledge of the laws of nature 
is derired. This method was first explained, and the rales for 
pursuing it laid down, by Lord Bacon, in his JVotHfm Organum. 
Platfiir's Dissertation f Supplement Encyclopedia Britannica. 

15. When general principles have been once established by 
induction, we can often, by the application of mathematical rea- 
soning, deduce from them conclusions as clear and certain as the 
principles themselves. Playfair, (^ 4. 

16. We are said to explain a phenomenon when we show it to 
be necessarily included in some phenomenon or fact already 
known, or supposed to be known ; and we consider one phe- 
nomenon as the cause of another, when we conceive the exist- 
ence of the latter to depend on some force or power residing in 
the former. Platfair, ^ 6. 

17. A fact assumed in order to explain appearances, and 
which has no other evidence of its reaUty but the explanation it is 
supposed to afford, is called an Hypothesis. 

18. An (explanation of any system of appearances or events, 
founded upon facts known to exist from evidence, independent of 
the facts themselves, is called a Theory. Playfair, ^ 8. 

19. When one system of events or appearances is similar to 
another ; and when we infer that the causes in the two systems 
are also similar, we are saidto.reason from Analogy. Playfair, 

20. A theory discovered from induction, may be employed in 
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0e discovery of new facts, and to predict the result of new com- 
binations. Platfair, ^ 10. 

Tbe order of proceeding is in this case rerersed, and is called the 
method ot SynUusisj while the indaelive method is called Ana- 
lysis* 

21. The ruleS^for philosophizing are as follows, viz. : 

(1.) More causes. of natural things are not to be assigned than are 
both true and sufficient to account for the phenomena. 

(!^.) Of natmral effects of the same kind, the same causes are, there- 
fore, to be assigned as far as can be done, 

(3.) The qualities of bodies which cannot be increased or dimi- 
nished, and which are found common to all bodies on which ex- 
periments can be made, are to be considered qualities of all 
bodies whatsoever. 

(4.) In Experimental Philosophy, propositions collected from the 
phenomena by induction, are to be considered as either entirelj 
or nearly true, in spite of contrary hypotheses, until other phe- 
nomena occur, by which their accuracy may be more fully pro- 
ved, or by which they may be rendered liable to exceptions. 
Newton's Prindpia. Vol. 3. p. 2. of Horsley's edition. 

The principle of the sufficient reason is also oAen of great use in 
philosophizing ; it may be announced as follows, viz. Nothing 
exists in any state that is not determined by some reason to be 
in that state, rather than in any other. Flayfair, § 12. 

22. Experiment is not only valuable as the foundation of all 
Natural Philosophy, but is indispensable in a course of lectures 
upon that subject. It is not however to be expected that all 
the experiments made by the founders of the science, can be 
performed before a class. It is therefore proper to explain the 
purposes for which experiment is introduced. 

It verifies the results of our reasonibg, and showa vC ^^«>^>k.- 
cumstances have been laken \n\.o ^cco\itk\. \ 
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It ezemplifief how general priociples maj be applied to explain 
particular facta : 

•It impresses the mind more forcibly with the truth of the princi- 
ples that have been laid down ; and of the inferences deduced 
from them. Platfair, § 13. 



The definition of motion, which has been given above, involves 
the consideration of space and time : 

23. Space is either absolute or relative. Absolute space is ex- 
tension without limit, immoveable, but penetrable by matter. Re- 
lative space is that part of absolute space which our senses define, 
by its relation to bodies within it. 

24. Place is also either absolute or relative. Absolute Place 
is the portion of absolute space occupied by a body. Relative 
Place is the space a body occupies, considered with relation to 
ether bodies. 

25» Absolute Time is an abstract idea, of which no satisfac- 
tory definition can be given. 

Relative time is a portion of duration measured by means of mo* 
tion. 

26. The cause which puts a body in motion, whatever be its 
nature, is called a Force. 

The direction of a force is the straight line in which it tends to 
cause the point to which it is applied to move. 

When several forces are applied to the same body at the same in- 
stant of time, they reciprocally modify each other. If they en- 
tirely destroy each other, so that the body is kept at rest by 
their joint action, we say that an equilibrium takes place among 
ihem, or that the body is in equilibrio. Mathematicians have 



suc^^seded ia reduqiog all qonsideratiops of motion to mere qaea- 
tiODS of equilibriucu. Poisson, JHechamque, § 2. 

27. Mt chanics is the branch of Natural Philosophy which 
treats of the motion and equilibriuip of bodies. It also treats of the 
cpnsirpction of Machines. The first of these is called by New- 
ton, Rational ; the second, Practical Mechanics. 

RatioDal mechanicH is divided ioto two parts ; Statics, which treats 
of equilibrium, aad Dynamics, which treats of the motion of 
bodies. 

The first principles of mechanics apply equally to splid and to fluid 
bodies, but are modified by the individual nature of each. Fluid 
bodies, however, present peculiar difficulties to the investigation 
of their mechanical action. We consequently treat of the sta- 
tics and dynamics of fluids separately, calling the parts of the 
course devoted to them Hydrostatics and Hydrodynamics. 

The action of bodies upon each other necessarily involves motion. 
Mechanics, in its most extended sense, would therefore include 
every department of Natural Philosophy, together with Chemis- 
try. We do not, however, carry the definition to this extreme. 

28. There is a class of material substances, whose distinctive 
property is radiation from a centre. The consideration of the 
action of these bodies, forms a separate department, to which 
the name of Physics is now restricted. 

The radiant substances known, are Heat, Light, Electricity, and 
Magnetism. Philosophers still dispute whether all these are not 
modifications of some one principle ; and there is with some a 
strong doubt whether they are material substances or not. 

29. Neither Mechanical nor Physical Action, in the restricte4 
sense, produces any change in the internal constitution of bo- 
dies. When, however, we place certain bodies in close con- 
tact with each other, an action takes place that cbASks^g^ "^ns^sl 

Vol. I. ^ 
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nature, character and properties ; their mode and state of exis- 
tence. Tliis action is called Chemical, and the science which 
considers it, Chemistry. 

30. Mechanics and Physi(5s are still farther abridged by the 
separation of Astronomy from them. It is the science which treats 
of the motion and appearances of the heavenly bodies. 

This division of Natural Philosophy into three great branches. Me- 
chanics, Physics, and Astronomy, (and Chemistry might form 
a fourth,) affords the means of ranking the objects of study in re- 
gular order, and introduces the advantages of philosophical ar- 
rangement in the classification and comparison of facts. No one 
of these departments, however, is entirely distinct and separate 
from the other. Physical considerations continually arise in 
treating of mechanical science ; mechanical reasoning illustrates 
physical facts ; while the theory of astronomy would fall to the 
ground, were it not for the powerful aid furnished by mechani- 
cal philosophy. 

31. The study of Natural Philosophy is attended with many 
advantages. 

It has a tendency to add to the conveniences and comforts of social 
life ; to improve the state of agriculture, commerce, and manu- 
factures ; to embellish all the fine and useful arts ; to lead us to 
know and prove the existence of a provident deity ; andtoena« 
ble us to understand his attributes and admire his wisdom. 
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MECHANICS. 



SECTION FIRST.— STATICS. 



or FORCES, 

The several circumstances which should be known with regard to a 
force, are, its point of application, its intensity, and its direction. 

When a point is in motion, it will be known by the fact thatiits 
perpendicular distance from one or more of three planes mu* 
tually intersecting each other in space, is continually changing,^ 
wherefore : 

32. To determine the position in space of the point of appli- 
cation of a force, we refer it to three planes taken at will perpen- 
dicular to each other. The perpendicular distances from the 
point to these three planes are called Co-ordinates. 

The mutual intersections of the planes are called the axes of these 
co-ordinates, and the axes and co-ordinates are parallel to each 
other. 

The common Intersection of the three planes is called the origin 
of the co-ordinates. (Legons des Ecoles Polytechniques,) Vol. 6. 

33. Forces are made commensurable quantities by referring 
them to some conventional force as the unit ; they may then be 
represented either by lines or numbers. 

The intensity of a force is usually represented by a line drawn in 
the direction of the force from its point of application, and this is 
the mode of construction adopted by the best writei!%Q>\w^Ssj:sx^^. 
Poissoir^ § 4. ' . - 
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34. The direction of a force in space is determined by a 
knowledge of the angles it makes with three lines drawn through 
its point of application parallel to the axes of the co-ordinates. 
PoissoN, ^6. 

If we call these three angles a, 6, and c, we shall find a con- 
stant relation to exist among them determined by the equation. 
Cos.a a +COS.* h +C08.* c= 1. Poisson, § 8. 

If all the forces are in one plane, the equation becomes 
Cos.* a + cos.« 6=1. Poisson, § 9. 

If they are parallel, 

Cos.» a == 1. and « = 0*> or a « 1«0*>. Poissow, § 10. 

« 

*35., When the direction of a force is once determined, its action 
will not be changed by transferring the point of application to any 
other point in its direction, provided we consider this second point 
as attached to the other by an inflexible straight line, and that the 
intensity and direction of the force remain the same* Poisson, 



COMPOSITION AND RESOLUTION OF FORCES. 

3C. When a body is submitted to the simultaneous action of 
several forces that act upon it in dLSerent directions, but are not 
in equilibrio, it is evident that it must move in a determinate di- 
rection, and that there is no impropriety in attributing its motion 
to a single force acting in that direction. This force is called the 
Resultant of those that have caused the motion, and ihey are called 
Componenls. 

This resultant identically replaces its components, and is in ton- 
sequence in equilibrio with them when applied to a given point 
in a direction directly contrary to its true one. Poissoif^ §11. 

J7. The resultant of two forces is represented in magnitude 
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«nd direcdoh by die diftgdnal of a pardlelogiram whose sides re-' 
present the magnitude and direction of these tvVO forces. Pord- 
SON, Additions* Poisson, {^ 13, 14, 15, and 16. Mechanique 
Celeste^ vo)« 1| § 1. 

Bytneans of this theorem, every question with regard to the com- 
position of two forces into a single one, and the decomposition 
of a single one into two others, is reduced to the resolution of a 
plnne tHaugle. 

For instance : if two forces be represented in magnitude by P and 
Q, the aogle contained between their directions by m, tibe value 
of the resultant R may be found by the equation. 
R= P« +2 P Q. COS. m. + Q.\ 

That of the angle which R makes with P by the equation. 

Q;. sin. m. 
Sin X =  ' — 

R PoissoN, § 17. 

38. When three forces are in equilibrio round a point, each of 
them may be represented by the sine of the angle contained by 
die directions of the other two.. 

\ 

39. When diree forces are in equilibrio round a point, they 
ttrnst b^ aU in the same plane. Poisson, ^ 18. 

40. If three forces applied to the same point are represented in 
magnitude and direction by tlie three sides of a triangle, they are 
in equilibrio round it. 

The converse of this is also true ; therefore, if three forces be in 
equilibrio, any two of them are greater than the third. Gre- 
gory, § 46, 47. 

41. To find the resultant of any number of forces applied to 
the same point, whether they be in the same {^ane or not : the re- 
sultant of two of them must be first taken, and this resultant com- 
bined with a third force; the secoud t^'sv3\v»x^^jt^^7v.\^\wJ!^^^^^ 
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and 80 on, until all the forces have been employed ; the last resnk- 
ant will be that of all the forces. 

This role gires rise to a remarkable geometrical constmction ; for 
if we form a portion of a polygon by lines equal and parallel to 
those which represent a number of forces applied to one point* 
the resultant of the whole will be represented by the line which 
joins the extremity of the last line to the point where the con* 
struction was commenced, and completes the polygon. Poisson^ 
§19. 

« 

42. If three forces act at right angles to each other, their result- 
ant will be represented by the diagonal of a rectangular parallel- 
lopiped whose sides represent in magnitude and direction the three 
components. 

If we call the resultant R, and the three components X, T, and Z. 
R = X« + Ya + Z« , and if the three angles they form be 
called a, ft, c, X = R. cos. a, Y = R cos. 6, Z =z= R. cos. c. 
PoissoN, § 20. 

43. If any number of forces F F' F', &c. be applied to the same 
point, and if we represent by a, 6, and c, the angles which the force 
F makes with three rectangular arcs; by a\ b\ and c, the angles! 
the force F' makes with the same axis, and so on ; the whole 
of these forces may be replaced by three others, X, Y, and Z^ 
parallel to these axes by means of the following equations. 

X = F. COS. a + F.' cos. a' + F/' cos. a" + &c. 

Y = F. COS. b + F.' COS. V + F." cos. h" + &c. 

Z = F. cos. c + F.' COS. c' + F.'' cos. c" + &c. Foisson, § 21. 

44. If the whole of these forces are in equilibrio, the equation^ 
become: 

F.^^cos. a + F.' COS. a' + F" cos^ a" = 0. 

F. COS. h + F.' COS. V + F" cos. b" = 0. Poisson, § 22v 
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• 

If the point of application of the forces F F' F" rests upon at given 
surface, it is do longer necessary that the resultant should =? 0, 
in order to produce equilibrium ; it will be sufficient that it be 
a normal to the surface. This normal force will be destroyed 
by the resistance of the surface, which may in consequence be 
considered as a force equal and opposite to it. If, therefore, we 
conceive the surface to be removed, and the point to be situa- 
ted in free space, the conditions of equilibrium will exist, pro- 
vided we substitute for the action of the surface a force equal 
abd directly opposite to the resultant of the others. 

PoissoN, § 39« 



OF PARALLEL F0RCE3. 

45. The resultant of two parallel forces acting in the same di- 
rection, divides the line of application into parts reciprocally pro- 
portionable to the component, is parallel to them, and equal to their 
sum. PoissoN, ^ 31. 

If the points of application and the intensity of the parallel forces 
remain the same, the resultant will pass through the same point, 
whatever be the direction of the forces, so that if the forces turn 
round their respective points of application, the resultant will 
also revolve around its point of application. 

The momentum of a force with respect to any plane, is the pro- 
duct of the force into the perpendicular let fall from its point 
of application upon the plane. Poisson, § 39. 

The momentum of a force with regard to a point, is the product of 
the force into the perpendicular let fall from the point upon the 
direction of the force. Poisson, § 52. 

46. The momentum of the resultant of any number of paralld 
forces with respect to a plane, is equal to the sum of the moment^ 
of these forces with respect to the same plane. 
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Theie momenta may be either positive or negatire : they are po- 
eitive when the force and the ordinate of its point of application 
have like signs ; negative, when their signs are unlike* Pois- 
SON, § 39. 

47. The Centre of Parallel forces is the point through which 
all the successive directions of the resultant pass, while the 
components turn round their respective points of applicatioi^ 
without ceasing to be parallel. Poisson, § 37. 

It follows from this definition, that if a soli(> body is acted upon by 
any number of parallel forces, and if their centre be determined 
and supposed to be fixed, the body will remain in equilibrio 
around this point in every possible position, provided the forces 
remain parallel, and continue to act on the same points of the 
body. 

43* A system of parallel forces is in equilibrio^ 

(1.) When the sum of the several forces » 0, and 

(2.) When the sum df their momenta, in relation to two planes 
parallel to their direction, is also = 0. Poissonj § 42. 

By the word sum we are to understand the aggregate of the mo- 
menta incorporated according to their signs, using the affirma- 
tive sign for the momenta of those powers that lie on one side 
of the point of application, and the negative for those that lie on 
the other. Gregory, Mechanics^ § 60. 

For the theorems by which the centre of parallel forces may be 
determined, see Poisson, § 39, 40. 



CENTRE of gravity. 



49. The force by the action of which bodies are precipitated 
to the surface of the earth, is called Gravity* Although the d* 
rections of this force in different places would converge towan 
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the centre of the Earth on account of its spheroidal form ; yet, in 
consequence of the great size of the earth, when compared with 
the dimensions of the bodies upon its surface, we may, without 
any sensible error, suppose the action of gravity to be parallel 
to itself, throughout the whole extent of any one body. 

Experience shows, as we shall see in another place, that the force 
of gravity is not the same on every part of the surface of the 
earth, yet this variation may also be neglected without any error, 
and we may consider a heavy body as a collection of a number 
of particles of matter to which are applied an equal number of 
equal and parallel forces acting in the direction that is pointed 
out by the plumb line. Foissoir, § 92. 

50. These forces have a resultant that is equal to their 
sum, and parallel to their direction, and this resultant form? 
what is called the weight of the body. Poisson, § 93. 

51. Since every particle in a heavy body is solicited by a 
parallel force, it follows, that if it take successively any number 
of different positions, as regards the direction of these forces, 
their resultant will always pass through one particular point. 
This point, which, in general terms, we have called the Centre 
of Parallel forces, is, in this particular case, called the Centre 
of Gravity. Its characteristic property, in solid bodies^ is, that 
if it be supported, the body to which it belongs will remain in 
equilibrio around it in every possible position ; this follows from 
the fact that the resultant of the several forces which solicit the 
body, passes through the point that is thus supported. Pois- 
son, ^ 95. 

We also see that when a solid' body is supported by a point that is 
not the centre of gravity, it will be in equilibrio when the line 
that joins the point that is supported to the centre of gravity is 
vertical, and only then. Poisson, § 95. 

It is evident likewise that if a body be suspended in equilibria h^ 

a thread, that this thread ¥i\VV\i^^^\\:vi^^^Tv^^^^^^^^'^^^^ 
Vol. J. ^ 
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of its direction will pass through the centre of gravity. Thi« 
affords a method of determiDiog the centre of gravity of a lolid 
hodj, however irregular or heterogeneous, by experiment. 
PoissoN, §96. 

When a heavy body is at liberty to move round a fixed point, it will 
not be at rest until its centre of gravity is either in the highest 
or lowest possible position. 

The first of these positions forms a tottering, the last a stable 
equilibrium. 

A body cannot rest upon a base unless a perpendicular to the sur- 
face of the earth from its centre of gravity fall within the base. 
Playfair, § 108. 

This perpendicular line is called the Line of Direction of the Cen- 
tre of Gravity. 

The motions of animals are regulated by the foregoing principles, 
and produced by the action of their muscles in . throwing for- 
ward the line of direction of the centre of gravity. Borellus, 
De motu animeUtum, 

The stability of (he famous leaning tower of Pisa, as well as 
many other curious phenomena in mechanics, depends on the 
properties of the centre of gravity* 

52. The position of the centre of gravity may be found by 
experiment, as we have previously seen : To find it by calcu- 
lation, we must resolve the following problem. 

To find the centre of gravity of a system of bodies whose in* 
dividual centres of gravity are known. 

If we call the co-ordinates of the principal centre of gravity, x, y, 
and 2r, the several bodies that compose the system A, B, C, D, 
&c. the co-ordinates of A, a, a\ of', of B, 6, b\ V\ &c. we «hall 
have the following equations. 



Ao + BJ + Cc + Dd, + Sic. 
A + B + C + D, + &c. 
Aa'+Bb' + C^+Dce. + iiC. 

y= 

A + B +C + D,+lui. 

Ao" + B6" + Cc" + DiT, + itc. 

A + B + C + D, +aic 

If the body be homogCDeous, and referred to o 
have the followiag equation : 

A a + B 6 + C c + D <J, &c. 



d. being the distance of the centre of graiity from ibe plane, ans •" 
Ilf the mass of the body. Hence we have the followiag rule, 
that the tvbole volume of a body multiplied by the distance of 
its centre of gravity from a given plane, is equal to the 
sum of all its particles multiplied by Iheir respective diitancea 
from the same pluoe. 

Although geometric lines and surfaces have no actual tveight, yet 
it oflea happens that it is necessary lo determine the position of 
their centres of gravity. In order to do this, we consider all the 
points in ihem as loaded with equal weights, or acted upon 
equal and parallel forces. 

The centre of gravity of a triangle may, by geometric reasoning, 
be demoDstrated to be in the tine that joias its vertical angli 
the middle of its base and at a distance from the vertex equal to 
two thirds of this hne. The centre of gravity of a triangle may 
therefore be found by drawing lines from the two angles to points 
bisecting Ibe opposite sides. 

The centre of gravity of a triangle being thus found, it is easy 
find that of any polygon by dividing it into triangles, and 
|Kitigtbc above formuls. Poissoh, § 103. 



of 
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A similar chain of reaaoDing will lead as to discover that the cen* 
tre of gravity of a solid pyramid may he found by drawing a 
straight line from the vertex to the centre of gravity of the base* 
and dividing it into four equal parts ; the centre of gravity is at 
the distance of three-fourths of this line from the vertex. As 
this applies to a pyramid of any number of sides, the construe* 
• tion may be extended to the case of a cone. ^ 

In general, however, the centre of gravity of a mathematical figure 
can only be found by the application of the fluxional calculus to 
the formulae given above. The general method is to refer the 
figure to three rectangular co-ordinates. Poisson, § 101, 102. 

The method of finding the centre of gravity of a plane curve is 
simplified by supposing one of the planes of the co-ordinates to 
correspond with that of the curve. Poisson, § 103. 

The same formulae may in like manner be applied to the surface 
of solids and to the solids themselves. 

53. The solid formed by the revolution of a plane curve 
round a straight line within its plane, is equal to the product of 
the area of the generating curve into the length of the circular 
arc described by its centre of gravity in its revolution. 

And the surface described by a plane curve revolving in a similar 
way is equsil to the length of the generating curve multiplied 
into the length of the circular arc described by its centre of 
gravity. 

This theorem was discovered by Cruldin^ the mathematician, whose 
name it bears. Gregory, § 125. M'Laurin, Fluxions^ § S36. 



The knowledge of the position of the centre of gravity is of great 
importance in almost every part of Mechanics. The following 
are some of the most useful cases. 

The centre of gravity of a straight line bisects it. 
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7ke centre ofgrayity of the perimeter of a polygoD may be found 
when the centre of grayity of a straight line is known by apply- 
ing the formulas, § 61. 

The distance of the centre of gravity of an arc of a circle from the 
centre of the circle is a fourth proportional to the radius, the 
chord, and the arc. Poisson, § 104. 

JThe centre of gravity of an arc of a cycloid, that is divided into 
two equal parts by the vertex, is in the diameter of the genera- 
ting circle at one third of the perpendicular height of the arc 
from the vertex. Poisson, § 105. 

The distance of the centre of gravity jof a parabola from its vertex 
is equal to three fifths of the axis. Gregory, § 1 1 9. 

In a circular sector, the distance of its centre of gravity from the 
centre of the circle is a fourth proportional to two thirds of the 
radius, the chord, and the corresponding arc. ' Poisson, § 1 10. 

The centres of gravity of the surfaces of cylinders, cones,and conic 
• frustrums, are as far from the origin of the co-ordinates as the 
centres of gravity of the plane figures which are their vertical 
sections. 

The centre of gravity of a hollow and a solid cone do not coincide, 
for in the one, 

2a da 

X as — ; in the other, x = — 
- 3 4 

The centre of gravity of the surface of a spheric segment bisects 
its versed sine. 

in a conic frustrum, if R be the radius of the greater end, r that 
of the less, and h the altitude of the frustrum, 

3 Rr + 2 Rr + r^ 

^ = J h 

R2 + Rr 4- r> 
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The tame foitnola will serve for the frastmiD of aoy regular pjra- 
Mid, wmg the sides of the upper aad lower sorfaees iostead of 
R and r. 

Id the solid paraboloid : 

Sa 
3 
tn a fmstram of a paraboloid : 

2 R3 + r> 



x^ih 



Rs 4. fS GREoeRT, § 124. 



. THE MECHANIC POWERS* 

54. A Machine is an instrument, b^^ means of which we change 
the direction or the intensity of a force, or both. 

5$, Complex machines are formed by the combination of cer- 
tain simpler ones, that are called the mechanic powers. 

Of these, writers on mecbanics formerly enumerated six, viz. 
1. The Lever. 2. The Wheel and axle. 3. The Pulley. 4. The 
iDdliaed plane. 6. The Wedge, and 6. The Screw. To these 
modem authors add the Funicular machine. 

The Lever, 

56. A Liever is an inflexible bar, whether straight or cfookedl, 
resting upon a fixed point, that is called the Fulcrum, around 
which it can move fireely. 

In the lever, and in all other machines, when two forces are ap- 
plied, one of which is intended to countervail or overcome the 
resistance of the other; the first of these is called the power, 
the second the weight. 
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57# There are three kiods of lever accor^og to the respec- 
tiF^ poiBitions of tbe p^wer, the wei^t, and the fulcrom. In 
fhe first, the falcram is between the power and the weiglit. In 
the second, the weight is between the power and the fulcrum. 
And in the third, the power is between the fulcram and the 
weight. 

58# In a stiai^t lever, if the power and weight act in parallel 
directions, they are in equiiibrio when thejr are to each otliex 
kiverselj as &eir distances' from the fulcrum. Poissov, Addi- 
iioni. 

59» In uny lever whatever, and in any direction of the two 
forces, fliey are in equiiibrio, when they are to each other in- 
versely as the perpendiculars let fall from the fulcrum upon 
their directions. 

These properties of the leyer may be demonstrated directly^ but 
they may also be deduced from the theory of parallel forces, 
and extended to any number of forces whatsoever ; in this case, 
one must be supposed to act at the fulcrum, in the manner 
described, when speaking of bodies resting upon a surface ; and 
unVess the ffdcrum of the lever be also its centre of gravity, it 
wiU be uecessarj to take its weight into consideration ; this may 
easily be done, by considering it as a force applied to the cen- 
tre of gravity of the lever, and acting in a vertical direction. 

The lever is of very extensive use in practical mechanics, both in 
its simple state and combined. The most usual instances of its 
application simply are as follows, viz. 

First kind of lever. The quarry-crow, handspikes, scissars, pokers, 
funcers, snuffers, &c. 

Second kind of lever. The oars and rudders of vessels, cutting 
knives fixed at one end, doors moving on their hinges, &c. 

Third kind of lever. Tongs, sheep shears, a ladder raisii^ against 
a wall, &c. In this kind of lever, the intensity of the force is di- 
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minisbed, but tbe Yelocity is increased. We sball bereafter see 
tbat it is extensively employed by natare, in the organization of 
animal bodies. 

60. A Balance is also one of the applications of the first kind 
of lever. In it the arms are of equal lengths ; hence, as equal 
weights suspended from its extremities will be in equilibrio, it 
is made use of to measure unknown weights by means of some 
given standard* 

It sometimes happens that tbe arms of a balance may be made of 
unequal lengths for tbe purpose of fraud. If this be suspected, 
it is only necessary to weigh the article, first in one scale, and 
then in the other ; if the counterpoising weights in these dif- 
i«rent positions be not equal, take their geometric mean, and it 
will be the true weight. Gkeoory*s Mechania^ 133* 

A balance, when well constructed, must have the following pro- 
perties. 1. It should rest in a horizontal position, when loaded 
with equal weights. 2. It should have great sensibility, so that 
a very small addition in either scale will disturb the equilibrium.. 
3. It should soon return to rest, after having been put in motion 
by a change of the weights. 

Of all weighing machines, a good balance is that which can be the 
most depended upon, in cases where great accuracy is desired. 

61. The Steelyard or Statera Romana, is another of the ap- 
plications of the first kind of lever. Its arms are unequal, 
and the weight of the substance under experiment is ascertain- 
ed by the distance of a known weight from the fulcrum. 

The steelyard cannot be employed where a great degree of accu* 
racy is desired, but is often convenient from its portability. A 
very compact and useful form, constructed by Mr. Dearborn of 
Boston, has been introduced ibto the customs of the United 
States. 

When the weight to be found, as often happens, is much greater 
than that of the counterpoise, the centres of the steelyard are 
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%iot loaded with much more than half the weight home by those 
of a balance, employed to weigh the same article; hence, the 
steelyard may at times be ased to weigh very heavy bodies.. 
One has been constructed For this purpose, at the West Point 
Foundery, which is capable of gupporting seven tons, and is 
seiisible of an increase or diminution of 5 pounds. 

Other weighiog machines have been contrived, to act by a combi- 
nation of levers. Of these the most elegant and practically 
useful, is that employed in England for weighing Ipaded wagons 
and living cattle ; it is called the Platform Balance, and is descri- 
bed by Gregory, in the 2d volume of his mechanics. Likewise 
by Le Sage in his Receuil des Memoires^ Vol. 2, p. 111. 

This has also been constructed with great neatness, but on a 
smaller scale, at the West Point Foundery. 

62. When a beam carrying a weight is supported in a hori- 
zontal position by two props, the weights which the props sus- 
tain are inversely proportioned to their distances from the cen- 
tre of gravity of the weight. Playfair, § 128. 

63. A compound lever is a combination of two or more sim- 
ple levers, the first of which is employed to turn the second ; 
the second the third, and so on. In a compound lever, equili- 
brium exists when the weight is to the power as the product of 
all tlie arms on the same side of the fulcrum with the power, is 
to the product of all the arms on the same side of the fulcrum 
with the weight. 

The Wheel and Axle. 

64. The wheel and axle is a machine that consists of a cylin- 
der and a wheel having a common axis, at the two extremities 
of which are pivots on which the whole may turn. The power 
is applied at the circumference of the wheel ; the weight to tli^ 
circumference of the axle. 

Yoh^ I. \ 
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65. The wheel and axle is in equilibrio when the power is to 
the weight as the radius of the axle to the radios of the wheel* 

The wheel and axle may be considered as a le?er» so contri?ed at 
to have a continual motion round its fulcrum. 

It is not necessary that the circumference of the wheel be conti* 
naous, the insertion of spokes into the axle is sufficient ; wind- 
lasses and capstans are, in consequence, modifications of the 
wheel and axle. 

A winch is also a species of the wheel and axle* 

The combinations of wheels and pinions, so useful in mechanics, 
are reducible to the wheel and axle ; their effect may be cal* 
culated by the following proposition : 

66. In a series of wheels and pinions, equilibrium will 
exist when the power is to the weight as the continual product 
of the radii of all the pinions is to the continual product of the 
riLdii of all the wheels* 

Wheels and axles are also sometimes combined together, by cords 
paasiog over one wheel and the following axle. The equili- 
brium is calculated on the same principle as that of the above 
proposition. 

The number of teeth on the circumference of wheels being to 
each other as the diameters, the proposition is often expressed 
thus: there is equilibrium in a system of wheels and pinions, 
when the power is to the weight as the continual product of the 
teeth in the pinions is to the continual product of the teeth in 
the wheels. 

67. In forming the teeth of wheels it is of great importance 
to determine their proper curvature, for the motion ought to be 
communicated equally, and with as little friction as possible. 
The most advantageous curve for this purpose seems to be the 
Epicycloid. The Involute of a circle has also been proposed. 



See Casus on At TeM §f ^ee/«-— Hachette, Court Elemenimre 
des JIfadbtiMt— BuGHANAif od the teeth of wheelt. — In order that 
the same teeth of a wheel and pinion may coincide as seldom as 
possible, the numbers of them upon each circumference should 
be prime to each other. The ordinary method of effecting this 
is to add one to the number of teeth on the wheel. 

I 

7%e Pulley. 

68. The pulley is a wheel moveable upon its axis, and having a 
groove cut upon its circumference through which a cord passes* 
It is enclosed in a box or case, that is called its block. 

A pulley is either fixed or moveable. In the fixed pulley the block 
remains stationary, in the moveable pulley it rises and falls with 
the weight* 

A fixed pulley does not alter the intensity of the power, but merely 
changes its direction. 

In a moveable pulley, one end of the cord is fastened to a fixed 
point; the power is applied to the other, either directly or 
Uirough the interventioa of a fixed pulley ; the weight is sus- 
pended from the block. 

This kind of pulley is reducible to a lever of the second kind, and 
the power is evidently enabled to balance a double weight. 

Fixed and moveable pulleys may be combined together in such a 
way as greatly to increase the intensity of the power. Each dif- 
ferent combination will have a different degree of advantage. 

To be more conveniently portable, it is usual to place all the 
moveable pulleys in one block, and sometimes on one axis ; one 
cord only is employed, which is wound round the moveable 
pulleys, and an equal number of similarly arranged fixed pul,- 
leys, alternately. In this combination, e.quilibrium takes place 
when the power is to the weight as one to twice the number of 
moveable pulleys. 
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The simplest combination of pulleys is that where a>Damber of 
moveable pulleys hang in a diagonal line above one another, 
each doubling the power of the one beneath it.. In thi», while 
the number of pulleys increases in arithmetical progression, the 
intensity of the power increases in geometrical pr^igrespion. The 
pulley is most extensively used on ship board.. 

The Inclined Plant. 

69. The inclined plane is a mechanic power, consisting', as it» 
name imports, of a plane making any angle, less than a rigbi 
angle, with the horizontal plane. 

70. The general condition of equilibrium in the inclined plane 
is, that the power should be to the weight as the height of the 
plane to the product of its length into the sine of the angle 
which the direction of the power makes with a perpendicular to 
the plane. Poisson, § 97, 98. 

When the direction of the power is parallel to the plane, equili- 
brium exists when the power is to the weight as the height of 
the plane to its length, or as the sine of the plane's inclination to 
the radius. 

If the direction of the power is parallel to the base, equilibrium 
exists when the power is to the weight as the height of the 
plane to the base. Poisson, § Additions. 

The Wedge. 

71. The ordinary form of a wedge is a triangular prism of 
wood or metal. Its section is usually an isosceles triangle with 
a very acute angle at the vertex, but it may be of any triangular 
figure whatsoever. 

72. In an isosceles wedge, equilibrium takes place when 
e power is to the weight as the thickness of the wedge to its 
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This may be proved by considering the wedge as composed of two 
inclined planes, joined together at the base. 

73. If three forces be applied perpendicularly to the three 
sides of a scalene wedge, they will be in equilibrio if their direc- 
tions intersect each other in the same point, and if they are to 
each other directly as the lengths of the sides on which they act* 
PoissoN, § Additions. 

. This may be demonstrated independently of the consideration of 
the inclined plane, and the properties of that mechanic power 
might be deduced as one of the cases. 

The mere theory of the equilibrium of the wedge is of little use 
in practical mechanics. The wedge is generally urged by per- 
cussion, and its effects are then often greater than could be 
anticipated from the theory. 

The only instance when a wedge acts in equilibrio, is in the con* 
struction of arches. 

The wedge i^ much used in operative mechanics ; it is employed 
to raise heavy weights to a small height ; in all cutting instru- 
ments, as knives, chissels ; in the teeth of animals, &c. 

74. A wedge may have the form of a pyramid as well as of a 
prism ; if the faces are inclined at equal angles to the base, the 
power and weight are in equilibrio when the first is to ihe last 
as the cosine of the angle of inclination to the radius. 

Piercing instruments of all kinds are applications of this form of 
the wedge. 

The Screw. 

75. The screw is a spiral groove or thread winding round the 
surface of a cylinder, and cutting all lines drawn upon its sur- 
face and parallel to its axis at equal angles. 
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This spiral may be either on the inside of a hollow cylinder 
or on the outside of a solid one, and the screw is called in con- 
sequence the interior or exterior screw, as the case may be* 
Bodi must be combined in the practical application, so ttiat the 
groove of the exterior receires the thread of the interior ffcrew* 

The simple screw might properly be referred to the principle of an 
inclinecf plane, for it is do mpre than an iDclined plane wrapped 
round a cylinder ; but in usipg the screw, it is usual to apply 
the power to the eitremity o£ a lever fixed perpeadiea- 
larly to the axis of the screw, and it thus becomes a machine 
compounded of the lever and inclined plane. 

76. In the screw, the power and the weight are in equilibrio, 
when the first is to the last as the distance between any two 
threads of the screw is to the circumference described by the 
point to which the power is applied. 

The screw is used for compressing bodies ; it thus forms part of 
the ordinary printing, and of many other pressQt : It is applied 
to raise great weights to a small height. 

Under the head of hydraulic engines we shall treat of the screw 
of Archimedes, used for raising water. 

Tn screws constructed of hard materials, the distance betweeti the 
threads is exactly equal ; and as the revolution of the head of the 
screw corresponds to the passage of it longitudinally through the 
distance between two of the threads, it may be used for dividing 
space into very minute parts. On this principle it is used in 
dividing astronomical instruments, and in recuiing off' their di- 
visions. Brewster's Edinburgh CyclopcRcUa^ article Gradua- 
tion. 

The Funicular Machine, 

77. If a cord be attached by one end to a weight, and a force 
be applied at the other in the direction of its length, no mecha- 
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nical ajdvantage will be gained. But if the same cord be at- 
tached by one extremity to a weight, and by the other to an 
immoveable point, while a power is made to act at some inter- 
mediate point of the cord in a given direction, it will exert a 
£9i3ce upon the weight of a different intensity from its own, and 
draw it in a direction also different. In this case, a rope becomes 
a machine. Poisson, § Additions. 

78. If a body be acted upon by forces through the interven- 
tion of ropes, the assemblage of ropes is called a Funicular 
Machine. 

If a body be suspended by ropes from fixed points, it is still a fu- 
nicular machine, for we may suppose poivers equivalent in mag- 
nitude and direction to be substituted for the resistance of the 
points. P^oNY, Architecture HydrauHquCy § 248. 

79. If a funicular machine, composed of ropes attached to 
each other, perfectly flexible and inextensible, be in e(;[uilibrio 
under the action of any number of forces whatsoever ; and if 
these forces be transported so as to act parallel to their original 
directions upon a single point in the system, it will be kept in 
equilibrio under their joint action. Any one of the forces will 
also be equal and directly opposed to the resultant of all the 
rest. pRONY, Architecture Hydraulique^ <j 247, 

80. The curve which a chain or flexible cord forms, when 
suspended from its extremities and acted upon by gravity, either 
alone or jointly with otber^ forces, is called the Catenaria. 

The properties of tbe Catenaria may be deduced from those of the 
funicular machine. See Pojsson, § 134 to 151. 
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PRINCIPLE or VIRTUAL VELOCITIES. 

81. If we suppose the equilibrium of a lever to be for an in* 
•tant disturbed, and motion to take place, the product of liie 
power into the velocity with which its point of application 
would then move, is equal to the product of the weight into die 
velocity of its point of application. 

As this motion does not actually take place, the velocity is styled 
Ftrtual. 

This same proposition may be extended to the cases of all the 
other mechanic powers, and may be generalized as follows, vis. 

83. When the forces, however numerous, that act upon any 
machine are in equilibrio, if each force be multiplied into the 
virtual velocity of its point of application, estimated according 
to its direction, the sum of all the products will be equal to no- 
thing. 

This is not only true in machines, but in every possible system of 
forces in equilibrio; it may be expressed by the following 
equation. 

Fp +^ P>' + P^'p" + &c. = 0. 

P, P', P", &c. bein^ the several forces, andp^p^ p^' &c. th^ir re- 
spective virtual velocities. Poisson. 

This proposition may not only be deduced from the consideration 
of the equilibrium of machines, but may be demonstrated di- 
rectly, as is done by La Grange in his Mechanique Analytique^ 
In his method of proceeding, this principle becomes the funda- 
mental theorem of mechanics* See La Grange, Mechanique 
Analytiqne. 
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OF FBICTION. 

83. Whenever the forces, applied to the several points of a 
solid body, fulfil the conditions of equilibrium that have been 
laid down, the body will remain at rest. The weight of the 
body itself mast of course have been included among the forces, 
as if it were applied to the centre of gravity in a direction per- 
pendicular to the horizon. 

As fir as our investigations have hitherto extended, it would 
appear that nothing more is necessary to put the body in motioa 
than the slightest change in the direction or intensity of the for- 
ces, producing a difference in the result of the equations of 
equilibrium. In practice, however, it will be found, that if a 
body rest on a plane surface, or touch a fixed obstacle, a physi- 
cal circumstancie that has not yet been taken into view will 
prevent motion following an apparent destruction of equilibri* 
um. This is the friction which takes place between the bod][ 
and the obstacle. 

Friction may be regarded as a passive force, for it cannot of itself 
begin motion, and never acts but in opposition to motions com- 
municated by other forces. PoissoN, § 126. 

84. If a body lie upon a horizontal plane, it will remain at 
rest, and will press the plane with a force equal to its own 
weight. If the plane be inclined in a small degree, although 
the body does not begin to move, the pressure on the plane will 
be diminished, and a part of the weight of the body wiH be sap- 
ported by the friction. 

The exact amount of the pressure and the weight supported by 
the friction may be found by the theorems of the resolution of 
forces ; if W be the weight and t the angle of planers inclination^ 
P the pressure and w the part supported by iriction, 

P s W. cos. «. w S5 W. sin. t. P«vw»>HVCV. 

Vol. I "5 
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85. If the inclination of the plane be gradually increased until 
the body is just about to move, tbe value of zd, at that instant, 
will be the measure of the friction. 

If /he ratio of the friction to the preMure, 

/ss tang. «• PoiMon, § 197* 

This furnishes a practical netfaod of ascertainifig the quantity of 
friction. It may also be ascertained by finding the weight which 
by its descent over a pulley is sufficient to draw the body undef. 
experiment along a horizontal plane. The latter appears to bf 
the most accurate method, for it has been found that the force 
necessary to overcome the friction of a body at rest, and set it in 
motion, is greater than that which is needed to overcome the 
friction of a moving body. 

The most accurate experiments that have been made on the sub- 
ject of frictioq are those of Coulomb and Vince ; the formef 
gained the prizQ of the French academy of sciences in the year 
1781. The latter published his researches in the Transactions 
of the British Royal Society in 1785. See T^eorije jp^s Ma- 
cfiiNEs Simples par Ooulomb, Paris, 1809, and Philosophical 
Transactions Abridged, vol. 15, p. 654. 

A summary of the deductions from Coulomb's experiments is to be 
found in Pront, § 1173. 

86. The retardation produced by friction is an uniform force* 
ViKCE, § 3. 

'^bis ^so agrees with Coulomb'^ experiments* 

97, Friction is greatest between bodies whose surfaces are 
rough, and is lessened by polishing them. P019BON9 § )26« 

88. Friction, OBteris paribus^ is greater between bodies com- 
posed of the same material than between bodiea composed of 
different materials* Poisson, {^ 128. 
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89. If the rubbing BurTaces remain the Bame, the frictioDi% 
ereaieswith the pressure. Poissoh, § 138. 

This dednclion appears lo agree with (he esperimenU of Coulomb^ 
but is coDlradicted by those of Vince, nhn found ihat ffictioo 
iacreases in a leas ratio than the pressure. Bojsul iil^o men' 
lions the same fact, and adducea (he case of asliipnben laanch' 
ed in sappwrt of ha i^iaioD. 



90. Tf the weight continue the same, the quantity of surfa 
lias 00 influence on the friction. Poissoh, § 128. 

This is also denied by Mr. Viace, wlio found the friction affectedj 
although in a very small degree, by [he magnitude of the earfat- 
ces in contact. In practice, however, the increase of (he fric 
tion with the pressure, aod its not being affected by the surface, 
najr b« »aiimed as true, without any risk of error. 
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91. Friclion is very much lessened by making the moving 
body roll instead of sliding. The cause of friction appears to 
lie in the porosity of bodies; their surfaces are covered with 
projections and cavities; when one body lies upon another, 
the excrescences of the one fall into the pores of Ihe other, and 
it requires a certain force to disengage them. This must be 
done either by raising the one body from the other, or by 
breaking down the projections that interfere with the motion. 
COULOHB, §96 to 101. 

This hypothesis is sufficient to explain all the facts. 



^ 



of the as- * 
Id rolling 



The effect produced by polishing is due <o (he oma 
peritiea. Oil, (allow, plumbago, iic. Gil up Ihe ca 
bodies, the asperities do not need to be broken down ; nor is 
necessary to raise the moving body from the other in order 
disengage their parts [ tbi9 is done by the very action of rolhog, 

Friction is very much increased when a pressure is appUed lo 
moving body sufficient lo prevent the prominent p:ir(s of it 
being separated from, and raised ovi*. ot Wife ta-NvUe-* ti*i *\n ' 
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Upon this principle we may account for the very powerful effect 
gf fixed rollers in shaping and flattening hars and plates of 
metal. 

92. These experiments and laws furnish the principles of 
the practical methods of diminishing friction. 

Friction may, in practice, he lessened in various ways. 

(1) The rubbing body may be drawn in a direction inclining np^ 
wards from the plane on which it rests. In this manner a part 
of the force will be applied to raise the projections of the one 
surface from the cavities of the other. 

(2.) The asperities may be smoothed by the mechanical action of 
polishing. 

(3.) The cavities may be filled up with oil, grease, plumbago, &c 

(4.) The body, instead of sliding, may be made to roll, or if this be 
impossible, it may be laid upon rollers, or on a wheel carriage. 
The value of wheels and rollers arises partly from the physical 
circumstance already mentioned, and partly from a mechanical 
advantage possessed by the power applied to overcome the fric- 
tion. 

Rollers put under a heavy body diminish the friction in the greatest 
degree possible if they are spheres or cylinders, and not con- 
strained to move round a fixed axis. In wheels, the conversion 
of sliding into rolling is less complete. Platfair, § 165. 

(5.) Under certain circumstances, friction wheels and rollers may 
be introduced with great advantage. 

Two of the most elegant applications of friction wheels are to be 
found in the machine of Atwood, and the patent blocks of the 
late Mr. Garnett, of New-Brunswick, N. J. 

(6.) Friction may be lessened by causing heterogeneous bodies to 
move against one another, instead of homogeneous ones. Be- 
sides the above methods, if Mr. Vince's experiments be cor- 
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rect, there are some few instances where adyantage is to he 
derived from a diminution of the surface. 

93* Friction is one of the causes which operate to bring 
bodies moving upon the surface of the earth to rest. A simplo 
knowledge of its action, as a retarding force, is sufficient to show 
the futility of the hopes of those who seek for the perpetual 
motion. 

94. Although friction destroys motion, and generates none, 
it is of essential use in mechanics. It is the cause of the stabi- 
lity of machines, and is necessary to the exertion of the force of 
animals. Plafyair, § 172. 

Nails, screws, or bolts, would be of no use in holding the parts of 
a machine or building together, were it not for their friction. 
The wedge would be forced back at each interval between the 
blows that urge it. The pulley would not be moved by the cord 
passing over it. Arches erected upon the best principles would, 
if friction did not exi$)t, be" forced from their equilibrium, and 
thrown down by a ?ery trifling weight. 

95. When a machine is in equilibrio, under the action of 
tbe power and weight, it will not be ready to move until an ad- 
dition be made to the power that is equal to the friction. 

In the lever, if the ratio of the pressure to the friction be as n to 
1 , if P be the power, W the weight, r the diameter of a cy * 
lindrical axis used as a fulcrum, and a the length of the arm to 
which the power is applied ; the expression for the addition 
required to overcome the friction will be 

— (P + W) 
tM Playfair, § 169. 

Of the elementary machines, the lever and inclined plane have 
the least friction, the screw and the wedge the most. 
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OF THE STIFrHBSS OF ROPES. 

96. The resistance which ropes oppose to the effort of a 
force tending to bend them has a great analogy to friction. It 
is a constant quantity, being always the same in the same rope 
■Boder similar circumstances. Prqnt, § 1306. 

The best experiments on the stiffness of ropes were made by Cou- 
lomb, and are detailed in the work already quoted ; an abstract 
of them is given by Prony. 

97. In ropes the resistance to a power applied to bend them 
increases with some determinate power of the diameter, which 
we shall call n. 

In new ropes n =s 2. 

In old ropes n = }. Front, § 1208. 

98. The resistances also are directly as die tensions and in- 
versely as the diameters of the cylinders round which they are 
wound. Front, (^ 1208. 

99. The friction of a rope which is wound round a cylinder 
increases in geometrical progression while the number of turns 
increases in arithmetical progression. 

By means of the above property we may explain the great value 
of this kind of resistance, when it is wished to oppose a sudden 
check to the motion of a body, or to make fast the end of a rope 
that is violently strained. Flatfair, § 171. 



STRENGTH OF MATERIALS. 



No real improvement has been made in the theoretic considera- 
tion of the subject of the strength with which materials resist 
a BtraiD applied to break them, since the time of Galileo. In 
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order to subject the resistance of solids to calculation, he sup- 
posed them to be composed of a number of fibres parallel to each 
other ; and that when thej broke, the fracture commenced at 
one of the edges and terminated at the other, round which the 
solid turned as if upon a hinge. 

This hypothesis, although not absolutely true, may be made the 
basis of deductions that agree in a remarkable manner with ex- 
periment, 

100* If a beam of wood whose section is any given figure 
having its area = a', have one end firmly fixed in a wall ; its 
be the lateral strength of each fibre ; d the distance of the centre 
of gravity of the section from the edge where the fracture ter- 
minates, and round which the beam (according to the above 
hypothesis) turns as a hinge -, let / be the length of the beam, 
and W the weight, that, when hung at the end of the beami is 
just sufficient to break it 

Wz^ 

I Platfair, § 23t. 

101. When abeam, instead of projecting from a wall, is sup- 
ported at both ends, it must break in the middle, aod the termi- 
nation of the fracture will be on the upper side ; and heoce^ 
when a rectangular beam is supported at both ends, its strength 
is twice as great as when it is supported at one end only* 
Platfair, § 235. 

lU. If a rjectaogular beam be s^ported at the ends by tw# 
props, and a weight be laid on the naiddle to break it; the 
strength of it will be as the square of the depth, when the breadth 
is given. 

Ueoce, the strength of beams of the same material are to one 
Mother as their breadths and the squares of their depths. And 
this is true, whether they be att supported at bo4k ends «£ ^V 
at one end only. 



Outlines of Natural Philosophy. 

m 

In square beams of the same length, the lateral strengths are ai 
the cubes of the sides. 

In cjlindric beams' of eqaal length, the lateral strengths are as 
the cubes of the diameters. 

If several beams be laid one upon the other, they are not able 
to bear a greater weight than when laid side by side. 

iThe same rectangular beam is strongest when laid with its nar- 
rowest side up. And it is as much stronger in this position 
than in the other, as the greatest breadth of its section is greater 
than the least. Emerson's Mechanics^ § 5. 

113« If a beam be supported at both ends, and a given weight 
be laid upon it, the strain upon it will be proportioned to iti 
length. 

The strengths, therefore, of beams of the same material, and pressed 
by equal weights, are inversely as their lengths. But where 
the power which tends to break a beam is its own weight, its 
action increases with the square of the length of the beam, for 
the weight of beams of equal sections is as the length. £iier- 

SON, § 5. 

lis. A beam whose section is a triangle, and which is sup- 
ported at both ends, is twice as strong when the edge is upper- 
most as it is when the opposite side is highest. Gregory, 
§177. 

114. The lateral strengths of two cylinders of the same ma- 

I 

terial, and of equal length and weight, one of which is hollow 
and the other solid, are to each other as the diameters of their 
ends. 

Nature appears to make great use of this principle in her works, 
where in innumerable instances the strength of substances is 
greatly augmented without increasing their weight: for in- 
stance, in the bones of animals ; the feathers of birds ; the stalks 
of reeds, grasses, &c. 
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In the arts there are very - manj cases where hollow cylinders 
may, with g^eat advantage, be substituted for solid ones of equal 
or even greater weights. This is more especially the case 
when metallic shafU are employed, for some experiments would 
appear to show that a hollow metallic beam is stronger than a 
solid one of the same material and equal diameter. Gregory, 
§ 172. 

106. Upon the same hypothesis from which the above theo- 
rems have been deduced, it may be demonstrated that the 
strength of a beam, in an inclined position, is to its strength in 
a horizontal position, to resist a vertical pressure, as the square 
of radius to the square of the cosine, of elevation. Gregory, 
§ 185. 

This does not agree with experiment, for, if it were tme, the 
strength of an upright pillar would be infinite. The strength 
of beams of wood is, however, very much increased, by mak- 
ing the pressure act in the direction of their length. 

107. Large beams and bars are in much greater danger of 
breaking than small ones ; and what appears firm and strong in 
^ model, may, when executed on a large scale, fall to pieces by 
its own weight. Thus we find limits to the extent of the works 
of art, and even of those of-nature. For in all cases whatever, 
the strength of bodies increases only as the cube of their simi- 
lar dimensions, while the enei^ of the power applied to break 
them increases with the fourth power. 

The best experiments on the strength of wood of different sorts 
are those of Buffon. 

Experiments on the strength of wood and iron have been made 
with much accuracy by Banks in England. They are to be 
found in Gregory's Mechanics, vol. i. § 191. 

Vol. I. 6 
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Ezperimeots oo the. ftreogth of white narble, made hj Profeieor 
Robtosoo of Edinbargh, are also to be fband in the lams work. 

108. In Gombining together pieces of wood, or smy other 
materials in machines, or in the erection of buildings ; flie parts 
of each piece, and the several pieces, mast be so adjusted that 
the strength may be always proportioned to the strain they are 
to endure. Emerson, § 5. 



The most importaat applieati^^a of this subject is to the <lioorj of 
architecture. The architectare that is now practised in differ* 
ent parts of the world, or of which remains are to be still seen, 
appears to have taken its rise from several different sources : 
Chinese architecture seems to be derived from the tent of their 
Tartar ancestors ; Egyptian architecture, from the caves occu- 
pied as dwellings by the first inhabitants of that country ; Gre- 
cian architecture, from the log hut. 

The Pyramid is an unproveiBeBt «pota the 'earthen tumilqs, end 
the rich ornaments of the Gothic cathedral are copied, m a 
more costly and lasting material, from the temples of wicker 
work erected by the Northern nations. 

109. When a beam is placed in a perpendicular position, it 
becomes a pillar, which, if of a circular section and regular pro- 
portion, is called a column. By the investigaiiofts of La Grange, 
it would appear that a cylindrical form is the strongest to resist 
flexure. When, however, we take into view that a column has 
not only the superincumbent, but its own weight to support, 
jind that the pressure on its lower parts will in consequence be 
greater than that upon the upper, it is evident that the thick- 
ness of the lower parti ahould be somewhat increased, and this 
is always dode in practice. Young's Lectures on JVat. Phih 
fl4. 
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The best outline for a column w a curve that is convex externally. 
And this is not only the strongest, but the most graceful shape. 

When a column is fixed upon a solid base, and without having any 
weight to support, is exposed to the action of a fluid ; the best 
form for the outline is a curve concave towards the exterior. 
We find instances of such columns in nature, in the trunks of 
trees, and at the insertion of their branches. Smeaton, who 
observed this, has used it with great success in the construc- 
tion of the Eddystone lighthouse. Smeaton, History of the 
Eddyston€, 

A wall should also be thinner at top than at bottom ; and this is 
the more necessary, as in most cases the weight is distributed 
among several floors instead of resting upon the top of the wall. 
Young, § Lecture 14. 



OF ARCHES. 

The dtdinary mode 6f tresitln^ tb^ theory of arches is to consider 
thetn as composed of a number of thincated wedges, kept in 
place by their mutual pressure, and free to move upon each 
other by the smallest change in the conditions of equilibrium. 
Friction, as well as the cohesive power of the cement, are left 
out of the question. The following are some of the deductions 
from this hypothesis. 

;ilO. In any utth compdd^d of a nuinber of wedges, as de- 
scribed above, the wedges will be in eqhilibrio when they are to 
each other respectively ad &e portions cat by the prolongatioiifl 
of iheir joints from a Ime ftu&ng borizofittiUjf through the 
apex of the arch. 

The truncated wedgei, of Which aft arth h eobiposed, tfrt ddhd 
Vtmumtt. Tiny sire nMsSly of an ttneven-Damher. 

The central voussoir is called the JC^itone. 
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The surfaces where the voussoirs rest QpoD each other are called 
Joints, 

The interior curve of an arch is called the Intradosy the exterior 
the Extrados* 

Abutments are the masses of masonry that support the arch. The 
beginning of the arch is called the Spring of the arch, the middle 
the Crovm, and the part between the crown and the spring is 
termed the Impost. Playfair, § 224. Hutton, Tracts^ 
Tol. i. 

111. In a circular arch, the weights of the voussoirs should 
be as the difierence of the tangents of the arcs reckoned from 
the crown. Playfair, § 2'24. Hutton, vhi supra. 

The whole mass of masonry is supposed to be cut by prolongations 
of the joinfs, so as to extend the voussoirs to its upper surface. 

112. If the weights of the voussoirs be all equal, and their 
lower surfaces plane, the polygon which fulfils the conditions 
of equilibrium, is the funicular polygon ; or if it become a 
curve, it is the Catenaria. 

The equation of the catenaria is 



A +x + y/ 2aa? + «" 
y = A X hyp. log. : 



A being a constant quantity that can be determined by experi* 
ment. See Platfair, § 228. 

The most remarkable property of a catenaria is, that the chain or 
cord, by whose suspension it is formed, has its centre of gravity 
lower than if it were disposed in any other line. 

When it is wished to construct an arch of pieces of timber, that 
shall be in eqoilibrio, nothing more is necessary than to hang 
a model composed of a svstem of smaller but similar pieces coa- 
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Dected together by pivots, from two points, whose distance bears 
the same relation to the span of the arch to be constracted as 
the lengths of the pieces of the model do to those which are to 
be used. The polygon formed in this way will be similar to a 
larger one, which, if inverted, will have the thrasta of all its 
parts in equilibrio. Hutton, vol. i. p.. 20. 

If the voussoirs be not of equal weights, an arch of eqnilibration 
may be found by hanging from a number of points in a catenaria, 
cords or chains that represent in weight and magnitude the cor- 
responding parts of the arch to be constructed. The new curve 
thus formed is an arch of equilibration. Hutton, vol. i. p. 21. 
Encyclopedia Britannica, Supplement. 

The chain bridges constructed in this country by Mr. James Fin* 
ley, of which there are beautiful examples upon the Brandy- 
wine and Nishamony, assume naturally the above form, and as 
their vibrations are unimpeded, are always in equilibrio. See 
Port Folio for 1810. 

A bridge precisely similar to those of Mr. Finley, has been lately 
• erected over the Tweed in Great Britain, by Captain Samuel 
Browo. Edinburgh Journal for October, 1821. 



Except in the two cases of a chain bridge, and a balanced roof or 
arch of timber, the above theory is of no value in practice. 

• 

113* When the voussoirs that compose an arch are laid upoft 
one another in the process of building, so far from being free t« 
move upon each other, it is found that they will not slide down* 
wards until the inclination of the joint becomes nearly 40 de- 
grees. Gauthby, Construction des Fonts. 

This is still further increased by the action of the cement, and 
thus it will happen, that an arch which fulfils none of the con* 
ditions of equilibrium of the hypothesis shall be stable, while 
an arch of equilibration may be crushed by its parts acting in a 
manner so different from the hypothesis. 
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114. When an arch of aoy description is loaded with a weight 
that is nearly safficient to break it, experience shows that each 
half has a tendency to divide into two parts ; the joints of the 
Youssoirs near the key-stone opening at ihe arch, while the joints 
of those nearest the spring open at the opposite side. Lesaoe, 
Receuil des Memoires, vol. 2. 

The points of division between the two parts are called the points 
of rupture. A knowledge of their situation is indispensable in 
ascertaining the proper weight of piers and abutments to sup- 
port the pressure of arches. Formuls for finding them are 
given by Gauthey, vol. 1. p. 325. et seq. 

115. The thickness of the key-stone of an arch might be no 
more than is sufficient to prevent it from being crushed by the 
superincumbent weight ; its breadth no more than will include 
a mass of material sufficient to resist the horizontal pressure of 
the two halves of the arch. 

In practice, a greater thickness should be given in order to sustain 
sudden shocks ; in almost all bridges, however, the thickness of 
the keystone is made greater than is necessary. 

Perron et^s rule for the thickness of the arch at the keystone is 
as follows, viz : 

To one twenty-fourth part of the diameter of the arch, add one 
foot, and from the sum subtract one line for every foot of span ; 
the remainder will be the thickness of the keystone. 

This rule of Perronet's, although it gives rise to a construction of 
arches apparently more bold than of almost any artist who pre^ 
ceded him, does not give as low a value as might be deduced 
upon the principle we have laid down. 

A bridge constructed by Inigo Jones over the Conway, at Llanrost, 
in North Wales, has the keystone of its centre arch thinner 
than any of Perronet's, and it has stood for two centuries. 
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ttb9s b««9 usqal to gi¥« ipi^n the fisune tbickneM as abutments, 
and where arches are constructed separately this is aecesiarj, 
but wheu two arches press horizootallj again9t each other, the 
pier may be made much smaller, and yet be su^ciently strong. 
Narrow piers, in bridges, are attended with the advantage of 
leaving a wider passage for the water. 

116. The principal application of the theory of arches is to 
the construction of bridges* Five different kinds of material 
are employed in building them, viz. stone, wood, cast iron, 
wrought iron in the shape of chains, and ropes. 

The magnitude of the arches of bridges must be suited to the lo- 
cality where they are erected, and will be limited by the 
strength of the material. The largest arches of stone ever 
constructed were those of the Bridge of Trajan over the Da- 
nube; their span was 180 English feet; this bridge is now 
in ruins. The. span of the Waterloo bridge is no more than 
120 feet; that of Neuilly over the Seine, 125 feet. 

In wood, arches may be of greater magnitude ; the bridge erected 
by Wernwag over the Schuylkill has a span of 340 feet. The 
length of the famous bridge of Schaffhausen was 365 feet, but 
it was divided into two arches. 

117. The principles of Dome-vaulting have been investi- 
gated upon the same hypothesis as those of arches. The re- 
sults, however, are of little value in practice. It is sufficient to 
know that the horizontal pressure of the vault must either be 
counterbalanced by heavy loads of material resting perpendi* 
cularly on its spring, or counteracted by some mechanical con- 
trivance. Thus in the dome of the Pantheon, at Rome, the 
vault is much thicker near its circumference than at its centre, 
and its exterior figure a less arc of a greater circle than the in- 
terior section, which is a semicircle ; in gothic vaults the but- 
tresses are loaded with heavy pinnacles, and the domes of St. 



48 Outlines of Natural Philosophy. 

Peter's, at Rome, and St. Paul's, in London, are Embraced by 
strong chains. 

The construction of domes is easier and less liable to accident than 
that of arches. In many cases they may be built without centres 
of carpentry. 

Each course keys itself ; they may therefore have large openiufi 
in the centre for the admission of light. . 
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MECHANICS. 



SECTION SECOND.— DYNAMICS. 



OF MOTION. 

We have seen that the ideas of Space and Time, are necessarily 
involved in the definition of Motion. 

118. Velocity is the relation between the spaces described and 
the times elapsed since the motion began. Poissoh, ^ 179. 

119. The simplest species of motion is where Ae direction is 
rectilineal, and the spaces described in equal times are themselves 
equal ; this is called Uniform Motion^ or motion with an Uniform 
Velocity. Poisson, 179. 

Uniform motions differ from one another in their velocities. 

In measuring yelocities, it is convenient to take some known 
portion of time for the unit, in terms of which all other portions 
of time are to be designated. The unit in general use is the 
second of time. 

120. A body if once set in motion will continue to move for- 
ward in a straight line with uniform velocity, until it is acted upon 
by some new impulse. 

Althoagh all bodies near the Earth's surface tend to come at last to 
restyhowever violent their original motion may have been, yet^this 
is no a^nment against the above proposition, but rather tends to 
confirm it ; for we find the motion of all such bodies to be op- 
posed by retarding forces ; among these may be meutLoned tbA. 
resistance of fluid media, and fncWou \ wA^^ ^ias^ ^sB^^^a6>si 

Vol. I. Tf 
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lesseuing the intensity of the retarding forces, the dtiration of 
the motion may be prolonged to such an eitent as to shovr clearly, 
that if it were possible to remove them altogether, the motion 
must continue forever. The truth of this proposition is more 
evident in the motions of the heavenly bodies, that have for ages 
been known and observed, and yet, in which no diminution is 
perceptible. Poisson, § 182. 

121. If a body, after having described a given space in a cer- 
tain time shall subsequendy describe a greater space in an equal 
time, we infer the action of some external cause, or new impulse. 

A motion of this sort is called Accelerated 4 when the velocity in- 
creases by equal increments, in equal times, the motion is said to 
be Unifornd^ or Equably Accderat^d. 

122. So, also, when a body, after having described a given 
space in a <>ertain time, de&cribes a less space in an equal time, 
we again infer the action of new impulses, but in a direction cpBr 
trary to that of the original force. 

A motion, where the velocity in equal times decreases, is said to be 
Retarded. 

if the decrements in equal times be equal, it is Uniformly or 
Equably Retarded.. 

123. We measure a force by the quantity of motion it is capa- 
ble of producing, and this in aggregates of matter will depend 
upon the velocity of the particles and their number. 

The term Mass is used in Mechanics to signify the quantity of mat- 
ter contained in a given body. Poisson, § 310. 

124. In homogeneous bodies the mass is proportioned to tbe 
bulk ; but bodies of different species often contain, under equal 
l^ulks, very different quantities of matter. 

Jj^shy is |be comparison between the quantities of matter pf dif- 
fereat bodies contained under equal bulks. 




Dm difference in denary, which is fouDd in difFerent bodies, a 
pears (o depend in a great degree nf on the iaterstices that | 
knona to eiial between the constitoent panicles. These ! 
teretices are called Pores ; their number and extent are bo 
as lo repder it probable th.it even in the densest body, the 
tity of mntter is small when compared with the quantity i 
empty space. Newtor's Optii 

In applying the principles of Slnlics to the Dynnmics of aggregattl 
of matter, or systems of bodii-*, the following hiw, knifWnby the 
Dame of the Principle of D'Atembert, ie of great use. 

135. Iftherebea system of bodies mutually acting in aiiy man- 
ner upon each other ; and if at any given tiine we compute the 
motions that these bodies would have in the succeeding instant, were 
their mutual action to ceEise ; and if we also compute the motions 
that, in consequence of their mutual action, they actually have 
at that instant, the motions that must be compounded with the 
first of these in order to produce the second, are such as, if they 
acted upon the system atone, would produce no modon, or would 

I Iw in equiltbrio with each other. Plaifair, Jj H7. Poissos, 
^332. PB0Kr,5)382. 
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126. The relations between the velocity of a body moving uni- 
formly, the space it describes, and the time of description, may at 
once be deduced from the definition of Velocity, for if v be the 
veloci^, f the space, and t the time 

V :^ — hence s = t v and t = — 



A more comprehensive form may be given lo this equation, so as 
to make it capable of comparing the motions of bodies that donot 
set off from the same point -, \.Vi\i&, "\S » N\a 'i^a {»Sv»»k,*!, ^S. *. ^ots*- 
 ing body, at some patftwVat ^ftiwi,^'^™-'*-^***^''''^^ '■'^ * 
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direction of iU motion, b the distance of the body from the flame 
point, at the end of the time t, v the velocity as before ; then 
»— 6 will be the space described in the time U And therefore 

v = and i^v t + b. (1) 

i 

The Tariable quantities s and t may be either positive or negative^ 
according as they represent the sitaation of the moving body in 
relation to the given point, at periods before or after that where 
its place coincides with the point. 

If another body move upon the same straight line with a velocity 
= v\ if its distance from the given point = 9^, and if it move daring 
the time Mo a distance = 6' ; the equation of its motion will 
he9'=i/t + b^ (2) 

By combining these two equations we may solve every question in 
relation to the relative motion of the two bodies ; if> for instance, 
we wish to know the instant they meet, then 

vt+b = v't+b^ 
whence we have 



i 



IH-l/ Poissov, § 180. 



127. It has been shown that the resultant of two forces, re- 
presented in magnitude and direction by the sides of a parallelo- 
gram, is represented by the diagonal ; hence it is evident, that if 
a body be acted upon by two forces that would each impel with it 
uniform velocity, it will, under their joint action, describe the 
diagonal of the parallelogram of which the forces are sides. 

The same is true if it be acted upon by two variable forces provi- 
ded the ratio of acceleration be the same in each. 

Gregory, § 217» 21S. 

1 38. If a.number of bodies be moving in any manner whatever. 



i if an equal and parallel force act upon each of their particlol 
^matter, the relative motions of the bodies will not be aflected. 

kOn this principle we can account for several phenomeDa ; for in^J 
staace : If a fieet be manceuvnag in a current, Ihe evolutions 
will be perrurmed, and the relative positions of the ships will 
be the same, as Ifin Stillwater ; 

The motions and operations in a ship sailing; smoothly and regu- 
larlj along are performed in the same manner as if the vessel 
were at rest ; 

Relative motions upon the Enrth's siirfRce are not altered by the 
rapid motion both of rotation nnd tr»nslaIiQD with wiiichour 
planet is affected in its diurnal and annual course. 



OP COLLISION. 

The simplest mode in which a unironn motion cnn be communi- 
cated from one body to another, is by impulse. 

IrTbeir action upon one another ia {governed by a principle known 
as the third law of motion, that may be announced as follows, \ 

129. Action and Reaction are equal to each other, and in c< 
trary directions. 



I 



This holds §ood not only when the bodies come into actual con- 
tact, but where they act upon one another at any distance what' 
ever. It ia nothing more than a diSerent form of the principle 
of Inertia already laid down, § 12. 



130. AU ^e bodies with which we are acquainted are m( 
less compressible ; and when they have been compressed they J 
have a greater or less tendency to recover their primitive formJ^ 
'his tendency goes by the name o( Elasticity, Poissos, fj 421^ 




X31. A Body is gfud to be petfettX^ eWcKV»sa."-&'t«wM«w.J 







mmSkj €iwmp f €m Hb U. cf afl boiic t . md ar« pcriedK dai- 
; «Lik tWre are bodic* cmIj eovproKble tkat hmc litde 
«faitictfj, md ochen Uk9l are rery diAcak to cnmprrM, wkoae 
efMCkfty k Mt friflHfandiiig Terj great. 

m. AldMogfa DO body is absolutely derad of Elasticity, yet 
m UrttUnt; &tiht coffiiion of bodies we inves'igste the fanrs of the 
eonmraniratioo of motion as if tbe bodies tmder coosifleratioii 
were ehlMT abfoliifely non-elastic or perfectly elastic. 

CoUitum cf NonrEUutic Bodies. 

133. If A and B be the masses cf two non-elastic bodies that 
tnnvn in the same straight line with the veludties a and 6, they 
willf after collision, go on together ; and if v be the cmnmoa vdo- 
dly after the stroke 

Aa + Bb 



A + B 

If 6 is negatire, io which case the bodies meet each other 

Aa — Bb 



A + B 
If A-=B 

o+*ft 



V 



If ono of the bodies B is at rest 

Aa 






A + B 



L If B be on immoreable obstacle 



PoiBSON. § 422, 423, 424. Plavfair, § 70. 

It may be proper here to observe, that no body in nature ia abeo- 
lutply immoveabje ; those which are so considerei] have theit 
masses infinilrlj grpal when compared wilb the bodies that act 
npon them ; so thai they destroy their motion without acquiring 
a Telocity that can be measured. It is thus, for instance, with 
bodies falling upon the surface of the earth. 



i^From the above formula, others may be readily formed to sbow th< 
quantity of motion lost or g-^ined by each body after collision. 



^ The followiog rule ii 
collect. 



! general and easy to re* 



M 



1 34. If two Non-Elastic bodies moving in the same straight 
ine impinge against each other ; and if the svm of their motions 
before the stroke be divided into two such parts as are propor- 
tional to the quantity of matter in the two bodies, each of these 
parts will respectively exhibit tlie motion of the corresponding j 
body after the stroke. See Helsuam. Lecture 4, 



135. If the two bodies before collision move in lines, making a 
given angle with each other ; as there is no change produced in the 
absolutely quantity of motion by the mutual actions of the bodies 
upon each other, Uieir common direction and velocity, after thoi 
stroke, may be easily found. 

If the forces of the two bodies be respectively r and j ; resolve 
eitherof them into two others, i and l', one of which (say t)is par- 
allel, the other (u) perpendicular to the direction of » ; if from 
^L the point of concourse two lines be drawn, one in the direction o 
^B J, and equal to the sum of sand l,lhe other perpendicular 
^H' equal to v ; the diagonal of the rectangle contrucled upon these Z 
^^B two lilies will represent in magnitude and direction the joint inO< 
^H iion after the stroke; divide it by the «uaii^(^'o.%Ti 
^K It will give the common ^elocVl^. 



IC 

lies ^1 
Ire ^* 
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Collision of Elastic Bodies. 

144. If A and B be two bodies perfecdy Elastic, inoi^ng in the 
same direction with the velocities a and 6, the velocity of A aflar 
impact is 

(A — B) X a + 2Bi 



A + B 

and that of B 

(B — A) Xi + 2Aa 



A + B 
Several coDseqaences follow immediately from these formalaB. 

(1) When A = B, if the velocity of A, after the stroke, be call- 
ed Vy and that of B after the stroke v', 

so that in the case when the masses are equal, the velocitieaare 
interchanged. 

(2) The relative velocity of the bodies, after the stroke, is eqaal 
to their relative velocity before the stroke, bat with the con* 
trary sign. 

(3) In the shock of perfectly elastic bodies, the product of their 
masses into the squares of their velocities is the same both be- 
fore and after the stroke. Poisson, § 428. 

145. The product of the mass of a body into the square of its 
velocity is what has been called the Vis Viva of the body. 

Some philosophers estimate the force of a body in motion in this 
way, instead of considering it as due to the mass and velocity 
simply. The third deduction from the action of elastic bodies 
upon each other, has been alleged by them in confirmation of 
their views. 



138. Tn order to find the quantity of motion lost or gained by 
the cullision of two Elastic bodies, we liave the following rule : 
Consider them first as Don-elasUc, and estimate, by the rule in sec- 
tion 134, tiie motion that each would have after the stroke Find 
also the quantity and direction of the motion that would be com- 
raunicated to each of the bodies, wluch b of course the difference 
between its original motion, and that ju:«t found. If to the quan- 
tity of motion that each body would have after llie stroke, if non- 
elastic, be added the motion communicated to it, upon the same 
hyjtnihesis, the sum will be the quantity of motion tliat each 
body actually has after the impact. Helsham, Sj 5. 

|ft 139. If an elastic body in motion strike against a greater elas- 

^B^ body at rest, the quiescent body will be carried forward with 

a quantity of motion greater than tliat possessed by the striking 

body ; and the striking body will return in a direction contrary 

to its original one. 

It will thus happen, that allfaoogh there is an iocrease of the mo> 
tioD, if that communicated to the lai^r body be alone consi- 
dered, yet thnt the sum of the two molions, ailer impact will 
be exactly equal to what the smaller body had prerioualy. 



I 



1 40. If between two unequal elastic bodies A and C a third, 
B, be interposed ; and if the least A be made to strike on B, with 
any given velocity, the motion communicated to C, will be the 
greatest possible when the masses of A, B, and C, are in geome- 
Inc progression. 

»lf the number of bodies in geometric progression be increased 
without limit, the quantity of motion communicated to the 
last may also be iacreaaed indeGuitely. Notwithstanding this, 
as all the bodies will move back afler collision except the last, 
the Buo) of all the motions in the direction of the 6rst motion, 
is never greater than Aa. The sum of the products of each 
body into the square of its velocity also remains the «ax&.% v^ 
it was before, namely Aa'. pLviGM&,^ni. 



1 
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141. If an elastic body strike against an immovable obstacle 
it will be reflected from it. If the obstacle be a plane, and the 
body spherical, its direction before and after coUisioB^ w91 make 
equal angles with the plane, but towards opposite sides. 

If the bodies be not perfectly elastic, their motions after col- 
lision are not such as are determined by ^ 138. They may 
however be investigated upon a similar principle. 

When the bodies are not perfectly elastic, the sum of the products 
of the bodies into the squares of their yelocities, does not con- 
tinue the same after collision that it was before ; but the quan* 
titj of motion estimated in a given direction, remains the same 
in every case. Platfair, § 80. Poisson, § 525, 428. 

142. In investigating the laws of collision, whether of elastic 
or non-elastic bodies, a property of their centre of gravity is dis- 
covered, which we shall hereafter find to be common to the cen- 
tres of gravity of all systems of bodies that act mutually upon 
each other; this property is as follows, viz. The State of the 
centre of Gravity of bodies impinging against each other, either 
as remaining at rest, or moving uniformly forward in a straight 
line, is not affected by their mutual action. 



OF MOTION EQUALLY ACCELERATED, OR RETARDED. 

• 

143. There are in nature two distinct species of forces; those 
of one description act upon bodies during an inappreciable instant 
of time, and then abandon them to themselves ; they consequent- 
ly cause a rectilineal and uniform motion. Forces of the other 
species act without interrnption on the moving body during the 
whole duration of its motion. 

If the action be constantly in the same direction, the motion it 
produces is Rectilineal, but the spaces described in equal times 
are n^t equal. Poisson, § 183. 

Those motioDB where the relation between the spaces described. 
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and the corresponding times is conalaatly changing, are io genj 
eral terms called FariabU. 

The forcea which by their uninterrupted action canse varian 
motions, whether accelerated or retarded, are in general term 
called Accelerating Forces. 

AUbougb the motion produced by accelerating forcea, ia neither 
uniform, nor an assemblage of uniform motions in the same 
direction, yet, in order to represent a variable motion with 
more ease, we consider tbe time as if it were divided into a 
number of iniinilely small parts, and the motion hb uniform du- 
ring each of these small portions ; variable motion is thus resolv- 
ed into a sncceaeion of uniform motions, the duration of each 8 
which is infinitely small, and all the corresponding veiocitiei 
different. Foisson, § 184. 

,The changes of motion, however, are always made gradually, anm 
never per lallutn. See Playfair, § 95. 

By thus decomposing a variable motion into an infinite number q 
uniform motions, the demnnatralionB and calculation 
plified, while the evidence of tbe one, and the accuracy of the'^ 
other, are not in any way affected. This mode of proceeding 
is analogous to that made use of in tbe higher Geometry, where 
we suppose polygons of an infinite number of aides to be sub*! 
stitated for curved lines. 



144, When a body is moving with variable velocity, the mo- 
tion may at any instant be rendered uniform by removing the ac- 
tion of the accelerating force ; the velocity of the uniform motioa i 
thus produced, is called the final velocity acquired by the moviof 
body, or simply its velocity at that instant of time. 



P145. A variable Motion, where the increments or decrements 
of velocity are equal in equal times, is said to be uniformly or 
equably accelerated or retarded. The accelerating force 
whicli it is produced is said to be Constant. Poisbon tt i87. 



^^ 
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146. If « be the space described by the acdon of an accelerat- 
ing force, if t be time, v the velocity, and g the measure of the 
accelerating force then, 

whence we have 

V 2$ Z s 

g g ^ 

2$ 

t 



2 s u» 



^=* — 



% - t^ 2 s 

If the time of the motion's contiDuance be unity, 

g 
9 =s— - and V sst2 s 

2 
hence ; 

147. The velocity acquired by a body acted upon by a con* 
fltant accelerating force during a given time, is such as would 
cause it to describe, with uniform motion, twice the space in an 
equal time. 

g The measure of the accelerating force is equal to twice fbe 
space described from rest, in the unit of time. Poisson, § 187» 

148. The spaces described are as the squares of the times, 
and as the squares of the final velocities. 

If the times be as the series of natural, numbers, the velocities 
acquired will be as the series of even numbers ; the whole, 
spaces as the series of square numbers ; and the spaces corres* 
ponding to each unit of time as the series of odd numbers. 



The motion of hearj bodies in vacuo, aflor^a an instance of n 
tioQ (vilh aa equably acoelerated velocity. 



1 Of the Attraction of OravitatioH 



I 



r 




I. 

to the surface of the Earth, but pervades the whole Universe. 

Thia great law of nature was first discovered by Sir Isaac Newtonj 

t' and ia coDfirmed by every fact, and by the result of 
calculations. 



Newton, considering that the power of gravity acts equally upoB 
all matter upou or near the surface of the Earth, that it is not^ 
sensibly less on the tops of the highest mountains, that it affects 1 
the atmosphere to its utmost limits ; could not believe that il 
infiuence ceased abruptly, but was induced to think it waa 
mare general principle, and extended to the heavens ; 

By computing the distance which the n 
her orbit in a minute of time, ; 

taoce a heavy body falls near the surface of the earth, i 
second, he found that both observed the same law ; whence b 
inferred that the cause was the same in both. Having thuu 
ehowD that the attraction of gravitation extended to the 
it was ensy to infer that it included in iti iaflnence all thi 
planets of the Solar System. 

M'Lauhin, PMloiophical Dueoveriei of JVemlon. 



J60. The Attraction of Gravitation is common to all ponder- 
bodies, and mutual between them. 



is proportiooable to the quantity of matter in the body. 



Its intensity decreases as the square of the distance from die i 
centre of attraction increases. 

When a heavy body falls near the surface of the earth, it might at 
lirst appear that it did not act upon the eav\.Vi, ^ai: 'ii\^'»Ko« "s 
^^ mains a;)pai'eotly ii 
^B ceived that large m 
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the earth, produced any change in the direction of grmty. 
These appearances led philosophers, before the time of 
Newton, to suppose this species of attraction to be confined to 
the earth, and not to be a general property of matter. When, 
howeyer, a heavy body fulls, the law of the equality of action 
and re-action, is not less true than in any other case of the 
communication of motion ; but the mass of the earth is so 
enormous, compared with all the bodies that project from, 
or move near its surface, that the motion communicated to it 
by their attracting forces is infinitely small. 

It has been found by astronomical observations, taken on oppo- 
site sides of lofty mountains, that the direction of gravity, as 
shown by the plumb-line, was altered by their action. 
' This phenomenon was first remarked by the French Academicians, 
who visited South America for the purpose of measurii^ the 
length of a degree of the meridian. 

Dr. Maskelyne, for many years the British Astronomer Royal, made 
a series of astronomical observations near Schehallion a moan- 
tain of Scotland, by which the amount of the deviation of the 
plumb-line from the true vertical was noted. An exact survey 
was, at the same time, made of the mountain, from which its 
cubic dimensions were ascertained. The specific gravity of 
the substances composing it were also accurately determined. 
From these data. Dr. Hutton has inferred the mean density of 
the earth to be about five times as great as that of water. 

Dr. Hutton has more recently proposed to make an experiment of 
the same nature on the opposite sides of one of the pyramids. 

The density of the earth once known, Physical Astronomy fur- 
nishes us with the means of determining that of the Sun, and 
all the other planets of the system. 

See Button's Tracts, vol. 2. 



Bodies falling near the surface of the earth are retarded by the 

resistance of the air, and thus it will appear that dense bodies 

/aJJ more rapidly than those which are rarer *, if« however, a 

iiease and rare body MX togetber m lL\ie «i^wM\ft^ t^- 



Me-chanica. 



ceirer of an air pump, they will both reach the plate of tha 
pump at the same instunt of time, showing that (he action 
gravity varies with ihe quantity of matler. 



The law of the decrease of gravity with the increase of the aqaares 
of the distances, was deduced a priori, by Newton ; it is 
found to agree exactly with observation. 



^Ptdling freely near the surface of the earth, would produce an 
equably accelerated motion. 

The theorems that have been laid down to express the rela- 
tions of the several circumstanres attending a motion of this sort, 
will, therefore, be applicable to the motion of a falling body, upon 
the hypothesis that the force of gravity is the same in every part 
of the space described by the falling body, and that it is not acted 
upon by any other force. 

The force of gravity decreases in fact, according lo the law just 
laid down ; but this decrease is so slow, that there is no error in 

supposing it a constant force. 

The resistance which bodies moving near the earth meet with 
from tfae medium in which the motion is performed, is an error 
of greater magnitude, but Ihe exncl luw which this retarding 
force follows, has been aicertained. It is the usual, and best 
mode of proceeding to consider the motion of falling bodies, first, 
as taking place in vacuo, and then lo apply a correction for the 
air's resistance. 

1S2, The distance a heavy body falls in the first second ol 
lime is IG^J feet, and it acquires a velocity that would carry il 
uniformly through 32S feet in the same space of lime : g thi 
measure of the accelerating force in the formulae of 5( 146, 
therefore equal to 32i feet. 



tha^H 
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If it were 32 feet exactly, which is near enough for aU CMes where 
no great accuracy is required, these ferimile would become 

64 
V 1 2« 



32 4 V 

25 

9»8v/9= =32 < 

t 

The Taloe of this force varies in different latitudes, as we skall 
see hereafter. 



By the vtlocity dne to a gvoen height^ is understood the Telocity a 
heavy body would acquire in falling from that height, and by 
the height due to a given velocity^ is understood the height from 
which a body must fall to acquire the velocity. 

153. In order that a body projected directly upwards, shall rise 
to a given height, it must receive an initial velocity equal to that 
due to the given height 

The velocity will be uniformly retarded. 

The times of ascent and descent will be exactly equal. 

The formulas § 146. and § 152. apply equally well to bodies pro- 
jected upwards, and to falling bodies ; only the times must, in the 
former case, be reckoned from the end of the motion instead 
of the beginning. 

154. If two bodies, A and B, (of which A is the heavier,) be 
"Hspended over a pulley, moveable without frtction about a £xed 



:, A will desUDd, and be accelerated by a force proportioi 



or to the difference of the weights divided by their sna 
Playfaib, Ij 88. Poisaoiv, (j 335." 

If ^ be the force of Gravity, liie formula th;it will exiirfas 

locily of A, at any given time after it begins to descetui will b 



I 
I 



A + B 

It is upon this principle th:it Atwood's machine for iiivestigatini 
the Ikws of motion of fulling bodies ia constriiotvd ; RJtlinui 
the friction cannot be entirely removed, it ia reodered « 
small by making the asis of the pulley rest upon frictio 
nheeli^, thai llie aciioo of this retarding force may be omittdi 
in the inveBligalion nitbout sensible error. 

The resistance of the air may likewise be disregarded, for the * 
periments are made at snch small velocities, that the motio4 
is but little affected by this cause of disturbance. 



There are tno other ways of ascertaining the value of^ : one is b^ 
direct esperiments upon bodies falling from a great height ; in 
this way the resistance of the air is of a great magnitude ; the 
other is by means of the pendulum, the rationale of which s 
be explained hereafter. 



1155. If an arm of an inflexible substance be suspended from 
'its centre of gravity in a horizontal position, by mea:is of a very 
slender thread, or metallic wire, it will : 
position, determined by the action of the thread b^'«\»ski.''*.^ 
nipported. But any force of svk&uexi^ "uiiftnavVj '^^ 
^L Vol. I. 
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the thread will be powerful enough to change the direction of the 
horizontal arm. 

There is an instrament invented by CouloiDb that acts upon this 
principle ; it is called The Balance of Torsion, and has, among 
other udes, heen applied to determine the ratio between the 
attracting power of the Earth, and that of bodies of known 
density near its surface. Cavendish, an English Philosopher of 
emineiioe, conducted a very accurate set of experiments with 
this view ; from his investigations, it would appear that the 
mean density of the earth was 5^ times as great as that of 
water* Philosophical Transactions, Abridged, vol. iLVilL 

From this, as well as the Observations at Schehallion, it if 
known that the mean density of the earth is greater than tha. 
of any portion of its surface, and that it probably increases in 
density towards the centre, thus refuting the idea of those per- 
sons who have ignorantly imagined the earth to be hollow* 



Of Bodies Descending by the Action of Gravity down 

Inclinsd Planes* 

156* The force that accelerates the motion of a body down 
an inclined plane is to the force of gravity as the height of the 
plane is to its length, or as the sine of the angle of the plane's in- 
clination to radius* 

The motion of a body down an inclined plane is uniformly ac- 
celerated. 

The space through which a body descends from rest upon an in- 
clined plane is to the space through which it would have fallen 
freely by the action of Gravity, as the height of the plane to its 
length, or as the sine of the plane's inclination to radius. 

The velocities which 'a body would acquire, in descending down 
an inclined plane, or in fidling throngh its altitude, are equal ; 
and, coaseqaentljj the Telocity acquired by a body in falling 



JtfeeAamM. 



from rest through a given height, is the same whether it fa9 
fireelf , or descend along a plane of aay inclination nhatsoever. 

The time in which a bodj descends along an inclined plane is 
to the tirae in which it would have fallen freely through Ihe per- 
pendicular altitude, as the length of the plane to its height, or as 
radius to the sine of inclination ; and in planes of equal altitudes 
but of different inclinutiona the times are as the lengths of U 
planes. 



lo planes similarly inclined, the times of descent are a 

roots of their lengths, or of their heights. 



the squa 



If the chords of a circle terrain ating; at either extremity of a 
tical diameter be considered as inclined planes they will all be 
described by a heavy body in the same "pnce of lime, and this will 
be equal to the time of full through the vertical diameter. 



I The velocities which bodies acquire in descending along chord 
of the same circle are as the lengths of the chords. 



^H 157. If a body descend aloDg a system of contiguous plan 
without suffering any loss of motion at the angles, it will acquire 
a velocity equal to that it would have acquired in falling freely 
through the height of the plane, and sufficient to carry it up an 
equal and similar system of planes to an equal altitude, and 
a time equal to that of the fall. 

It is not, however, true, that a body can descend along asyrtem o 
inclined planes, without receiving a shock at each of the angles, 
and it may be demonstrated ihat the Iosk of motion at < 
angle is proportioned to the versed sine of the inclinatioa of tkf^ 
planes. Playvair, § 196. 

' If the number of planes be indefinitely increased, thdirtuclinatioi^ 
will be diminished until the sum of the versed sines shall be less 
than any given magnitude. The above proposition w 
fore be true of bodies descending upon curved surfaces. 

j.Udw If two heavy bodies deacen&, VviloovA "QDias 
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checked at the angles, over two similar but unequal systems of in- 
clined planes, the times of descent will be as the square roots of 
the lengths of the systems ; and if they descend over two similar 
curved surfaces, the times will be proportioned to the square roots 
of the length of the sur&ces. 

When bodies decend over similar arcs of circles, the times 
will be as the square roots of the diameters. 

In investigating the above results, the friction of the descending 
bodies upon the iDclined planes, and the resistance of the air, 
are not taken into account. 

If a body be suspended from a fixed point and made to vibrate, its 
motion will resemble that of a body descending over a curved 
surface. The retardation produced by friction on the plane 
will be removed, and another of less magnitude, viz, the friction 
upon the point of suspension will begin to act. A body sus- 
pended in this manner is called a Pendulum. 



Of Pendulums. 

The laws of the motion of Pendulums are deduced from the coo- 
sideration of the vibrations of a gravitating body of indefinitely 
small size, and suspended by an inextensible thread supposed void 
of Gravity. This is called a Simple Pendulum. 

The motion of such a pendulum in one direction from a state of 
rest until it begins to return in an opposite direction is called an 
oscillation. 

159. If a Pendulum were constantly to perform equal arcs of 
the same circle in its oscillations they would be all isochronous. 
When, however, a pendulum is set to vibrate, the arcs it describeg 
become gradually less in consequence of the air's resistance and 
the friction upon the point of suspension ; nor has any uniform 
maintaining power been yet applied. 
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160. In a pendulum vibrating in very small arcs of a circle 
the accelerating force is nearly proportioned to the distance of 
the point where the oscillation commences from the lowest point 
of the arc. 

The accelerating force is actually proportioned to the sine of half 
the arc described in an oscillation ; but this ratio finally become! 
the same as that of the arcs themselyes. 

161. The vibrations of the same pendulum in very small cir^ 
Gular arcs are nearly isochronous. Platfair, § 1 98. 

The isochronism of vibrations in small arcs of the same circle has 
been demonstrated by some upon the principle that the half of 
the arc finally corresponded with its chord. And as the timet 
of descent along all the chords were equal, it was inferred that 
the times of vibration in small arcs were equal also. This 
demonstration is not satisfactory, for it can be shown that the 
mure nearly the chord and arc approach in magnitude, the 
greater is the difference in the time of describing them. 

See § 164. 

162. When a pendulum vibrates in very small circular arcs, if 
T be the time of an oscillation p the ratio of the circumference of 
a circle to its diameter I the length of the pendulum, and^ the 
measure of the force of gravity, the time of an oscillation may 
be found nearly by the following formula. 

I 



If / and T be given 








when T = 1 




f-/pa 
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It is by means of the latter formala that the intensity of gravi^f 
or the valae of g, may be determined at any point upon the sar* 
face of the earth from observations upon the Pendulam* 

The times of the vibrations of pendulums of unequal lengths are 
respectively as the square roots of their lengths. 

The time of an oscillation is to the time of the fall of a heavy 
body through half the length of the pendulum as the circumfer- 
ence of a circle is to its diameter. 

The lengths of pendulums are inversely as the squares of the 
number of their respective vibrations in equal times. 

The force of gravity in any place whatsoever is proportioned to, 
and may be measured by, the length of the pendulum vibrating 
seconds. 

163. If a pendulam be placed between two Cycloidal cheeks, 
and made to vibrate, it will describe in its oscillations arcs of a 
cycloid identical with that which would be formed by an union 
of the two cheeks. 

164. A Pendulum being thus made to vibrate in a cycloid is 
at every moment accelerated by a force proportioned to the arc 
of the cycloid intercepted between it and the lowest point of the 
arc* 

Hence the vibrations of a pendulum in a cycloidal arc whether 
great or small are all isochronous. Playfair, § 208. 

165. If Z be the length of the pendulum vibrating in a cycloid, 
the time of a vibration whether the arc be great or small will be 

g 

This is the same expression as that deduced for the vibration of 
a pendulum in a very small circular arc. When, however, the 
circular arc becomes greater, the value of the time of an oscil" 
latioa will ao longer be Uie same. 
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^^ 166. The ^mes of vibration in a cycloidal and in a circular! 
arc. and twice the time of descent in the chord of half the drciwl 
lar arc are as 4n 

»1,1+ — ,aD<l J 

8r .7854 j 

The first and last nre constant quantitiea, bul Ihc middle one raries 
with the extent of the arc of vibration of which a is the verted 
sine, while r is the length of the pendulum. Huttoh's Tracti, rol. 3, m 

>J 

Hence the lime iu the cycloid is the least, and that io the chorifl 

^^ the greatest. j 

^Hrl67. There is apotlier singular property of thetycloid, viz, that| 
^^f being the curve of swiftest descent ; for the line in which a heavy 
body moves by the action of Gravity from one point to another, 
that is neither in the same vertical nor on the same horiionlal 
plane, in the shortest possible time, is an arc ofa cycloid having 
for its base a horizohtal line drawn through one of the given 
noints and intersecting the verdcal passing through the other. 
PoissoR, §288. 
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168. Thesimple pendulum, such as it has been defined above, and 
from the consideration of whose properties the foregoing laws have 
been deduced, cannot exist in nature, inasmuch as we cannot 
abstract from the figure and extent of die body or bodies of 
which it is composed. The Pendulums on wliich experiment 

ly actually be made are called compound pendidums. 



1 



169. The Centre of Oscillation in a compound pmdulum is the I 
point in which, if all tlie matter of the pendulum were supposed ' 
to be collected and attached by an inflexible line void of 
iveight to the point of suspension, the vibrations would he iso- 
chronous with those of the compound pendulum itself. 

The dislance, then, between the point o( ^wa^ciawi^, '•^ < 
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of Ofcillation of a compoanil pendalaniy it eqaal to the length of 
an itochronoot siinple pendnlam. 

Hence we call the distance between the centre of oscillation and 
- the point of snspension of a compoaod pendulum, the Length, 

170. The distance of the centre of oscillation of a pendulum 
composed of everal bodies from its point of suspension may be 
firaDd by dividing the sum of the products of each body into the 
iquiare of its distance from its point of suspension, by the sum of 
the products of each body into its distance from the point of sua- 
peanoo. 

If the bodies be A, B, C, &c. the distances of their centres of 
gravity from the point of saspension a, 6, c, &c. and x the dis* 
tance between the point of suspension and the centre of oscilla- 

Aa> +B6'+Cc' + &c. 



or = 



Ao + B6 + Cc + &c. 



X will, of course, be the length of an isochronous simple pen- 
dulum. When any of the bodies are $ituat^d above the point of 
suspension their distances from it tnust be accounted negative 
quantities. Playfair, § 201. 

171. As we may consider that any compound pendulum what- 
ever is composed of an infinite number of small parts, the 
above theorem may be applied through the intervention of the 
fluxional calculus to determine the situation of the centre of 
oscillation of any regular figure. 

In a cylinder suspended from the centre of one of its circolar 
baseS| if a be the length of the cylinder, r the radius of the base* 

2a r 

3 2a 

If the thickness of the cylinder be diminished until it become a rod 
of inaensiUe diameter, there will be but little error in takioig 



Sa 



« = 



In a cone suspended from its vertex, if a be its altitude, and r the 
radius of its base, 

4a r» 

X = + 

5 Sa 

if r = a, which is the case in a right cone, the expression will 
become x = a 

hence, if a right cone be suspended by its vertex, the centre of 
oscillation is in the middle of its base. 

If a homogeneous sphere, whose radius is r, be suspended from a 
point whose distance from its crntre is d^ 



5d 
If the point of suspension be in the surface of the sphere, 

Ir 

5 
Gregory, ?i 311. Playfair, § 202, 203, 204. 

172. The-centres of suspension and oscillation are convertible 
points ; that is to say, if the centre of oscillation of a compound 
pendulum be made the point of suspension, the former point of 
suspension will become the centre of oscillation. 

This remarkable proposition, which was demonstrated by Huygens 
along with the other properties of the centre of oscillation, 
remained without any practical application until the present time, 
when Kater has applied it with great success to the measure- 
ment of the lengths of pendulums. 

173. There are three several pxit^o^^ \ft ^XivfloL ^Ko^^sSifisao^ '- 
Vol* I. 10 



74 OtUKiies of. jyaiurid Philosophy. 

have been either actually applied, or proposed to be applied, vix. 
to the measure of time, to the determination of the force of gravi- 
ty, and as a universal standard of measure. 

Galileo was the first who observed the isochronism of the motion 
of pendulous bodies^ Huygens, who investigated the subject 
more closely, discovered, that as a pendulum was gradually 
brought to rest by friction round the point of suspension, and 
by the resistance of the air, the time of its oscillations became 
less. To obviate this inconvenience he proposed to make the 
,. pendulum vibrate in the arc of a cycloid. However good this 
plan may be in theory it was found impossible to reduce it to 

.. practice ; but the consideration of motion in a cycloid led 
to the improvement of making the arcs described by pendu- 
lums as small as possible. 

As a measure of time, pendulums are attached to instruments 
known by the name of Clocks, that serve the two fold purpose 
of counting the vibrations of the pendulum, and restoring to it at 
each oscillation as much force as it loses by the retarding forces 
that act upon it ; this subject shall be treated of in 
another place. 

174. The usual form of a pendulum is a lenticular body at- 
tached to an inflexible rod of some metallic substance. As it is 
found that all metallic substances are affected by alternations of 
heat and cold, the rate of a clock regulated by a pendulum 
of this sort must be constantly varying. Means have, however, 
been found of remedying this defect, the general principle of 
all of which is, to construct the pendulum of two substances com- 
bined in such a way that the expansion of the one upwards shall 
corkpensate that of the other downwards, and vice versa. 

The most remarkable of the contrivances for this purpose are the 
Mercurial Pendulum invented by Graham, and the Gridiron 
Pendulum invented by Harrison. The invention of the last is 
also claimed by French artists. 

i!0//?^Af0r<rqfi9l pendulum the rod iaasimple metallic verges the bob 
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is composed of a glass vessel cootainiog mercury. Tbe.quanti- 
tjof (belatterissoaitjuBteii tbal its expaasion upwards lathe con- 
taiuing vessel ehall exactly counterbalance that of the rod donn- 
wards ; tbe centre of oscillation is Ibus constantly maintained at 
the Bame distance from the point of suspension. Grdhum investi- 
gated with great care the relative expansioos of tbe solid me- 
tals, bat found them so nearly similar as to prevent his succeed- 
ing ia a compensation by making the bob of one metal and tbe 
rod ofanotber, and appears to have abandoned tbe idea of em* 
ploying them. Harrison, on tbe other h;md, after observingthal 
the relative expansions of brass and steel were nearly as 5 to ;i 
thought of.applying the tivo metals Id tbe rod of the pendnlum. 
The rod of bis pendulum, instead of being a single metallic 
vei^e, 13 composed of nine bars, nlternatelj of brass and steel, 
of such proportionate lengths that by their molioa in opposite 
directions the common length of the rod remains coostant. 



Tbe form of the Mercurial pendulum baa been changed, and tbe in*! 
strument improved of late by that eminent maker of philosophi' 
cal instruments, Trougblon. He has also improved the con- 
struction of the Gridiron pendulum, and in one of his methods, 
where tbe compensaiing bars are inclosed in a tube, he has 
made bis clocks more tit to be carried from place to place ivith- 
out risk of the adjustment being altered. 

Bertboud and Leroy, in France, have also constructed several 
' species of compensatioD pendulums, the principle of whicli doei 
not differ from that of Harrison. See Ree»' Cyclopedia, Articlt 
Pendvlvm. 

175. If a sphere of Platina be suspeiided by the slenderest wire 
Eflf iron that is capable of supporting it, we may without anygi'eat 
error abstract from tbe weight of the latter ; if the wholf Pendu- 
lum be then actually measured, tbe position of the centre of Gra- 
yiljr may be found by the formula. 

x = d + 
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176. If a pendulum of this sort, nearly twice the length of a 
second's pendulum, be set to vibrate, and the number of its vibra- 
tions in a given time ascertained, the true length of the second's 
pendulum may be thence deduced. To ascertain the number of 
vibrations in a given time, it is by no means necessary to count 
them ; for if the experimental pendulum be suspended in front of 
the pendulum of a well-regulated clock, if their planes of vibra- 
tion be parallel, and their axes both in one plane perpendicular to 
the horizon and to the plane of vibration, and if the pendulum be 
nearly, but not exacdy some known multiple of the length of a 
second's pendulum, no more will be necessary than to observe 
the intervals between the times of coincidence, and hence we may 
infer the number of vibrations without danger of error* 

Delambre Astronomie, cap. XXXV. § 125. 

When the length of the pendulum and its number of vibrations 
have been thus determined a correction may be applied for the 
weight of the suspending wire» 

Delambre, ubt suprc^. 

It was in this manner that the members of the French Institute 
determined the length of the pendulum, while measuring an arc 
of the Meridian. See Delambre, Base du Systeme Meirique, 

The length of a Pendulum vibrating seconds in the latitude of 
Paris was found to be 443.296 hues old French measure or 
0.993977 metre of the new. 

177. If a pendulum be so constructed that it may be suspended 
at pleasure upon knife-edges either from one extremity, or from 
a point not far distant from its supposed centre of oscillation ; and 
if a weight slide along the pendulum until its vibrations when sus- 
pended by either knife-edge are equal, the position of the second 
knife-edge will be the centre of oscillation. 

The position of the centre of oscillation being thus determined, its 
distance from the centre of suspension admits of accanite 
measurement. 
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This appears to be the best possible method of measoriDg the 
length of the pendulum. It was the invention of Captain Kater. 
His mode of observing the coincidences of the oscillations of 
the experimental pendulum, and that of the clock although found- 
ed on the same principles, appears more likely to be Accurate 
than that of the French Philosophers. 

According to his observations, the length of a pendulum vibrating 
seconds in lat. S\? 3V 8\4 N. when reduced to the level of 
the sea is 39.1386 English inches. 

Philosophical. Transactions, 1818. £dinbi7Kgr Revixw, 
September f 1818. 

'  ' '. 

178.. From the length of the pendulum as thus found g the 
measure of the force of Gravity may be at once found by the 
formula. 

g=pH 

If Z be taken as SSJ inches, from which it does not sensibly 
differ 

g = 386.14 in. = 325 ft. nearly. 

Hence the distance a heavy body falls by the force of gravity 
in a second of time is I612 feet. 

It is obvious that these numbers are not exactly correct, botap- 
proximations only ; they are, however, those most commonly 
used in the English Philosophical Works. 

179. When experiments sure made upon the length of the 
second's pendulum with a view of determining the force of 
gravity in different latitudes, it has been found to vary in such 
a manner as to show that the Intensity of Gravitation is greater 
in high than in low latitudes. 

T^ following lengths of pendulums are taken from late observa- 
tions of Captain Sabine 
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Inchts. 

Iq Lat. 60<» oy 42^ N . . 39.169. 

;Id Lat. 700 26' 17" N . . . 39.19&. 

In Lat- 740 47' 12" N . . . 39.207. 

Journal of Science, No. 24. 

The explanation of the cause of this variation in the Grayitatiog 
force must be deferred until we treat of Central Forces, 

180. Since it is possible, without much difficulty, to measure 
the length of an experimental pendulum, and thus infer the length 
of one beating seconds, and since this length depends upon the 
force of Gravity which is invariable at the same place ; we might 
hence deduce an universal standard of linear measure easily ac- 
cessible, and not liable to change. 

Having a standard of linear measure, its square might be taken for 
the unit of superficial measure, its cube for the unit of mea- 
sures of capacity ; and the weight of its cube filled with pure 
water as the unit of weight. 

181. The properties of a good standard of measure are, 
(1.) That it should be easily accessible. 

(2.) That it should be invariable. 

(3.) That it should be so large that the measures in ordinary use 
should be deduced from its aliquot parts rather than from itself 
. or from its multiples ; for thus any error in the standard would 
be much lessened. 

The pendulum possesses the two first properties in the greatest 
perfection, but it is far inferior in the last to the unit propoMd \; 
by the Institute, and actually adopted by the government of^J 
France. The unit of the new French measure is a quadnnt . 
of the meridian ; the standard of length is its ten millioneth <^ 
part, and is called the metre. '' 

The divisions of the new French measure were all intended to 
be decimal, but inveterate habits and causeci ^erha^ actuallfy. 



founded in nature have induced the restoralion of the old divi- 
eioDB and names in the descending scale, and their application 
the new measure. 



The measurement of an arc of the Meridian, aufficient to deter- 
mine its length with accnracy, is an operation that requires much 
lime and labour, and is attended with great espenae. For thia 
reason the French Philosophera propose to use [he pendulum 
to recover their unit, in case it should be lost or become changed 
by use. Thus recnrring to the very instrument they bad at 
first rejected, as a standard. 

The exampfe of the French teaches ua that it would be fruitless tt 
attempt the change of the measures and weights at present i 
use ; all that can reasonably be hoped to be effected is to 
reduce them to as few denominations as possible, and fis ihei 
ratio to some standard in nature, of which the pendulum vibraVJ 
jng in some particular place is the best. 

See Delaubre Base dtt Syiieme Melrique. Adams' Report, 
The several Reports to the British Parliament .Skene Keith'i 
pamphlet on ■aeights and measures. Jefferson's Report. 
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1 82. If a heavy body be projected near the earth's surface il 
it directiou not perpendicular to the horizon, it will describe a pa-^ 
rabola, whose plane is vertical and whose asis is pei'pendicular to 
the horizon. 

Id the demonstration of this proposition we suppose the direction! 
of the force of gravity at all points within the range of tl 
projectile to be parallel ; and we abstract from the resistancfln 
of the air. 



d at^^ 
to 
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This proposition was tirst discovered by Galileo ; for his geomet^ 
rical demonstration see Gregorv, § S46 

Forao analytic demonstration, see Powaos^fi'iSiS 
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If V be the initial velocity, h the height due to that velocity^ 
g the measure of the force of gravity, d the horizontal range, 
and E the angle of elevation. 

v^ tP sine 2E 

h = and d =  



PoissoN, ^ 230. 

The horizontal range varies with the sine of twice the angle of 
elevation, it is of course greatest at 46^ ; and the ranges with 
angles equally distant from 45^ are equal. 

The greatest height to which a projectile rises is as the square of 
the velocity multiplied into the square of the sine of elevation* 
The time of flight is as the velocity multiplied into the sine of 
the angle of elevation. Playfair, § 92. 



When the above theory is applied to the motion of military pro- 
jectiles it is found to differ widely from what actually takes 
place, for projectiles that according to theory should range in - 
vacuo 20 to 30 miles, do not range in the air more than 2 or 3. 
This difiference between the real and theoretic motion of pro« 
jectiles arises from the resistance of the air. 

183. The resistance of the air to the motion of a projectile 
increases with the square of the velocity. 

With this new element in addition to the two on which the para- 
bolic theory is founded, (viz, the projectile force and that of 
Gravity,) it has been attempted to investigate the curve tM.Alf 
projectile would actually describe. But the complete inte g rtf W - 
tion of its equation has been found beyond the reaicb of tll#^ 
most subtle calculus. See Poisson, § 234. . "^ ^ 

The two branches of the curve that would be described by the ' 
joint action of the above 3 forces are not similar to each other. 
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The base of the asceniliag branch is longer than that 
(lecendins. 

The assymptote of the desceniling branch is a pertical straight < 
line. 

The time in the descending branch is greater than in the ascend- 
ing. The velocity at the end of the descending branch is lew 
than the initial velocity. 
, PoiaaoK, ^230. Lallehand's Artillery. 

1 84. Beside the resistance of the air in front, tlie ball is tiir- 
mer retarded by a want of support or non-prasure from behind. 
It is known that air rushes into a vacuum with the velocity of 12 
or 1300 feet per second ; hence, when the initial velocity of the 
ball is greater than that quantity, it leaves a vacuum behind il. 

The greatest velocity that can be given to a military projectile is ' 
about SUOO feet per second ; but this \s not attended with much 
advantage, for it is speedily reduced to the above limit. 

^ The effects of these resistances vary in every possible manner in 
relation lo the velocity, the diameter, and the weight of the pro 
jectile ; hence in order to form rules for practical gunnery it J 
would be oecesssary lo make esperiments upon every speciei 
of ordnance, and every size and quality of projectile. 

HiiTTON,7>flci37. 

The best experiments upon these subjects are those of Huttoa, , 
Robins, and Count Ramford. 



1B5. When gunpowder is fired, a permancndy elastic fiuid is 
generated, that expands itself both in consequence of its elasticity 
and of the high temperature at which it is produced. These two 
causes united appear to give it a force at least 3000 times as 
great as the pressure of the atmosphere ; and it eitpands itseff 
with a velocity of 5000 feet per second. Hotton, Tract 37. 

Vol. I. 11 
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This holds good in the usual mode of firing ordnance, where tL 
ball is free to move the moment the gunpowder begins to inflame 
Where the i^iinpowder is compressed by a heavy weight the ex- 
periments ofCount Uumford are stated to have shown that it has 
exerted a force equal to the prodigious amount of 100,000 at- 
mospheres. KuMFORD, PhiloBophical Paptrs* 

This however far exceeds the limits of credibility, but even if the 
force were much leM the effects of small quantities of powder 
closely confined, as in Military mines, in Masting rocks, &c. might 
thus be explained . And hence we may see the danger of ill bored 
cannon and elliptic balls, of obstacles in the barrels of ordnance, 
and of using wads of an adhesive substance. To the latter caufle 
may perhaps be attributed the bursting of many guns in the 
naval service of the U. S. 

The instrument invented by Mr. Robins to ascertain the Telocity 
with which balls are projected by military ordnance is called 
the Ballistic Pendulum. The same apparatus was also employ- 
ed by Hutton and Count Rumford. The ball is made to strike 
a heavy block of wood suspended from a centre ; the velocity 
is thus changed into one that can be easily measured* 

186. If t; be the velocity with which the ball strikes the pendulum, 
b the weight of the ball,ji the weight of the pendulum,^, the dis- 
tance firom the point of suspension to its centre of gravity, o the 

distance between the centres of suspension and oscillation,^ t the 

' . . I 

distance from the centre of suspension to the point of impact, c the 
chord of th^ arc described and r its radius, 

yc '■ :- « »':"= 6,6727 g c ^o 

o t r HuTTOK, TVact 34. 

The position of the centres of gravity and oscillation are de- 
terjijained experimentally. See Hutton, ubi supra. 

Hatton also measured the velocity of the ball by obsenriog the re* 
coil of the gun, ob the following principle. 



» 
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Mechanict- 

1S7. If ft ball be discharged from a piece of ordnat 
velocity of the ball will be to that of the gun, as the weiglit 
of the gun to the weight of the ball. Huttoh, Tract 34. 

. This is obviously an immediate deductioa frotn the principh 
the equality of action and re-action. 




^^ Tiamed in a piece of ordnance is accelerated as long as the ball 
remains within the barrel. But the acceleration is not uniform, 
for the elasticity of the fluid diminishes with the increase of the 
space it occupies, and with the diminution o its heat ; the elastic 
fluid also propels the ball by following it, and acts witli a force 
proportioned to the difference of their velocities. From these 
causes, the elfect of gunpowder does not increase in as high a 
ratio as the space it occupies. Huttou's experiments muke the 
velocity to increase with the 5th root of the length of the piece. 

PHtTTTON, Tract 37. 
189. The velocities communicated to balls of equal weights from 
the same piece and with unequal quantities of powder are as the 
square roots of the quantities of powder. Hira'TON. 

190. The velocities communicated to balls of different weights 
by equal quantities of powder are nearly in the reciprocal ratio of 
the square roots of the weights of the balls. Huttoh. 

191. The firing of the gunpowder, if of good quality And per- 
fectly dry, takes place within a space of time that is very small, 
but which is not actually instantaneous. Hotton, Tract 37. 



Tbis^^reee fully with the eiperimenls of Rumford. 

192. The deviation of Military projectiles from the path 
ed out by the parabolic theory is not confined to the vertical 
but they are found to be diverted to the right or to the letl., 
Mmetimes cross the vertical pVane wsetA ^ssv«i "«v 
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tlieir flight* One cause of this is the quantity of windage^ in 
consequence of which the ball is driven from one side to the 
other of the bore, and thus acquires a motion around an axis 
that does not coincide with the axis of the piece ; another cause 
IS to be found in the want of sphericity in the balls, and of a true 
bore in the piece. Button, Tract 37. 

193. The depth to which a ball penetrates in wood or earth, 
is as the density and diameter of the ball and the square of the 
velocity, divided by the strength or resisting force of the obstacle. 
Hence, 

If equal balls be discharged against the same obstacle the depths 
of the cavities are as the souares of the velocities. 

If unequal balls of the same substance be discharged against the 
same obstacle with equal velocities, the depths of the cavities 
are as the diameters of the balls. 



An 18 pound ball discharged with a velocity of 1200 feet per 
second penetrates 34 inches into good dry oak, and a 24 pound 
ball with a velocity of 1300 feet penetrates 1 5 feet i&to dry earth. 

If the obstacle be very thin, and the velocity of the ball very 
great, it may pass through without communicating any motion. 

HuTTON, uhi supra. 

194. From the experiments of Hutton and Robins practical 
inferences of great value have been deduced. 

(1.) As great velocities are soon reduced within a certain limit, 
and as th^y depend upon the quantity of powder, the maxi- 
mum service charge has been reduced to Jds of the weight of 
fhe ball. 

Even this charge is not necessary except in the case of battering 
in breach, where the object is very near, and so thick that the 
ball lodges without passing through. 
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Iq close naval engagemeots great velocities are iojurioas, 
ballmay Iben pass through both aides of the enemy's Teasel w 
out lodging, and the number of splinters produced by a ball 
■o rapid motion is much less than is caused by one moving 
more slowly. 

i (2.) The charge being reduced, it is no longer considered neces- 
sary that the guQ should be as strong ; hence the thickness of 
cannon has been reduced, and the cheaper material of iron sub- 
stituted for brass. 

I (3.) As the velocities increase only with the fifth roots of the 
lengths of bore, cannon hare been much shortened without 
losing in effect. Eighteen calibers U now considered the mai- 
imum length of guns for the field service. In the naval service, 
CBrronades have been introduced ; these are a short species of 
gun ; their bore is smaller than in Igng guns of the same calibre, 
the shot mu^t coDsequenlJy be truly spherical ; their charge ia 
only one-twelfth of the weight of the ball ; their weight and 
thickness are pro portion ably reduced ; yet in close action, they 
produce effects superior to those of long guns 



The advantage of rifling the barrels of small arms, appears to be 
owing to the circumstance, that in this way a rotatory motion ii 
given to the ball around the axis of the piece ; thus the a 
more certain than with a simple cylindric barrel. 

■i Mi 
1 95, When a ball is projected from a piece of ordnance at A 
small angle of elevation, and falls upon water, or on a plane of 
hard earth, its flight will not cease, but it will rise again and per- 
form a second trajectory, similar to its first, but less ; and wlU 
continue to rebound until the whole of its projectile v^lpcilj' is . 
destroyed, 

F jThis species of motion, that resembles in some respects the rft-1 
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flection of elastic bodies, is called in Military Projectiles, the 
Rieochet, 

Ricochet firing, which is executed at small ana:les of elevation, and 
generally with small velocitiea, is applied with great advantage 
from sea-coast batteries upon shipping, and in the attack 
of fortresses. It is to its use in the l.-itter case, that the 
superiority of the art of attack over the most perfect systems of 
fortification, is to be attributed. 



OF CENTRAL FORCES. 

196. If a body be set in motion by two forces that are not in 
the same direction, and if one of them communicates a determi- 
nate velocity and then ceases to act, while the other is an accele- 
rating force and continues to influence it without interruptioni the 
path described by their joint action will be a curved line. 

Of this general law, the instances already given of the motion of 
pendulums and projectiles are no more than particular cases. 

The body moving in a curved line may be considered, at any in- 
stant whatever, as if it were moving along a tangent to the curve 
at the point where it then is ; and if the accelerating force were 
to cease to act, the body would move on with uniform velocity 
in the direction of the tangent. If the accelerating force tend 
to solicit the body towards a point, this point is called the cen- 
tre of force ; and the force itself is called a centripetal force. 

The centrifugal force is that by which it would tend to recede 
from the centre, were it not prevented by the centripetal force. 

These two forces are called central forces. 

The path» or trajectory, described by a body acted upon by cen- 
tral forces, is called its orbit, ^ 

The Radius Vector^ is a line drawn from the centre of force ifp the 
point of the orbit at which the body is found. 
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The Angular Velocity^ is the relocitj with which the angle con- 
tained by any two positions of the radius rector is described. 

The Periodic Time, is that which a body moTing in a re-enter* 
ing orbit employs after passing any given point, until it retumt 
again to the same point. Gregory;, § 279. 

197. If a body revolve in an orbit by the joint action of a pro* 
jectile and centripetal force, the radius vector will describe equal 
areas in equal times, and in unequal times areas proportional to 
the times. Newton, ^ Principia, lib. I. sect. 2. 

Huygens, in investigating the laws that govern the motion of bo- 
dies acted upon by central forces, deduced them from the con- 
sideration of circular motions. This mode of proceeding has its 
simplicity to recommend it, and being elementary, has been 
made use of in this course. See Hugenius, § de Ft Centrifuga* 

198. If a body move in a circle by the action of central forces^ 
the arcs described in equal tifnes are equal. Poisson, (^ 259. 

199. If/ be the measure of the central forces, v the velocity, 
and r the radius of the circle, 

r PoissoN, (^ 259. 

200. In order to compare central forces in a circle, with the 
attraction of gravitation, let v be the velocity due to the height 
hj then 

/ __ 2A 

and if 2& = r, the central force will be equivalent to that of gra- 
vity. 

If then a body revolve in a circular orbit, and be acted UQoa h% it^ 
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grarity, the projectile relocity must be equal to what would 
have been acquired in falling through half the radius. 

PoissoN, {j 260. 

201. The central forces of bodies revolving in circular orbits, 
are directly as the quantities of matter and as the radii of the 
orbitSi inversely as the squares of the periodic times. 

PoissoN, ^261. 

202. If the central forces in circular orbits be inversely as the 
squares of the radii, the squares of the periodic times are propor- 
tioned to the cubes of the radii. 

The two last propositions may be extended to the case of bodies* 
revolving in any orbit whatsoever, particularly in elliptic orbits. 
In the latter instance, half the greater axis of the ellipse is to be 
substituted for the radius of the circle. 

If the centripetal force be gravity, its intensity diminishes as the 
squares of the distance increase ; the above law ought there- 
fore to hold good in the motion of the heavenly bodies, provided 
gravity be the force which retains them in their orbits. 

'^OS. Kepler, the astronomer, deduced the following laws of 
Sikm of the planetary bodies from his own observations, 
pe of Tycho Brah^. 

"m planets move in plane curves, and their radii vectores 

> . . . 

10 aroaod the centre of the sun, equal spaces in equal 

^g^bksiof tha planets are ellipses, of which the centre 
jt^ po^ occdiii^ one of the foci. 



r * 



rhe squares of the times pf the planets' revolutions are to 
0^illiUiiim the cubes of the greater axes of their orbits 

MWientpbKnn^si^^'^ liAve shown, that the focus is not occupied 
|hbe«iliitr»'of VVutodeof the sun, but by a point within his 
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bodf, which ia the common centre of gravity of the solar system. 
If the plaacts are acletl upon by a mutnal siltraction whose iaten- 
aity is inversely as the squnres of the distances, the above lans 
are the same as might be deduced a priuri. The attractive forci 
is that of gravitation. 

A farther diecuasion of this subject nould encroach upon the £el 

of Physical Aitronomy. 



I 



i 



204. When a solid body turns around a fixed axis, its several 
points describe circles, whose planes are perpendicular to, and 
their centres in, the axis ; tiie centrifugal force that acts upon any 
one point, is therefore as the radius of the circle which ilie point 
describes, and its direction is in the prolongation of thp radius. 
The force of gravity is due to the attraction of die mass of the 
earth, but because the earth revolves upon its axis, the attractive 
force is lessened by the action of the centrifugal force, and thus 
ai every part of the eartli's surface, except at the poles, the mea- 
sure of the force of gravity is less than it would have been bad ijie 
earth remained at rest, Poisson, ij 2C2. 

At the equator, the centrifugal force and the attraction of the 
are directly opposed to each other ; their resullant is (herefgj 
equal to their difference. At other parts of the surface of 
earth these forces are oblique to each other. 



I 

■al ^^ 



20a. If tlie earth were a perfect sphere, the centrifugal force 
at the equator would be to that at any other latitude, as the square 
of radiustotlic square of the cosine of the latitude. The centrif 
gal force at the equator, is to the whole attractive force cf 
earth, as 1 to 289. Poisson, i} 26£ 



206. The greater intensity of the centrifugal force at the cqugH 
tor, has caused an increase ofihe equatorial diameter of thee. 
Uid a consequent diminution of its polar axis ; the figure of t1 

Vol.] 



thil^H 
)rce ! 
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earth is therefore more near that of an oblate spheroid than a 
sphere. 

For this reason, the law of the decrease of the centrifugal force 
from the equator towards the pole, is not exactly what has been 
stated above ; and the proportion of that force at the equator to 
the whole attractive force of the earth, becomes as great as 
1 to 176. Poxssoir, § 264. 



OT THE MOTION Of SYSTEMS OF BODtCS. 

\ 

207. The centre of gravity of a system of bodies, that has n6 
fixed point, moves in space in the same manner that it would if 
the masses of the several bodies were united in it, and the forces 
that act upon the several bodies were applied to this centre, in di- 
rections parallel to their own, and without any change in tlieit 
intensities. Poisson, ^ 458. 

If the system have parts, that although not absolutely fixed, are 
compelled to move upon given curves or surfaces, the same law 
will still apply ; but it will be necessary to include among the 
forces the resistances exercised by the curves or surfaces. As a 
corollary, we may deduce from the above proposition, that the 
motion of the centre of gravity of a system of bodies will be 
uniform and rectilineal, whenever no accelerating force affects 
the system, except the mutual action of the several bodies upon 
. -. ^ each other. This will be true, whether the mutual action be 
j^:.». ... . produced by an attractive or a repulsive force, or by actual 



■*,:'^-"' -■• 



collision. See § 



208. If a number of bodies composing a system, and acted up- 
on by a mutual attraction, but by no other accelerating force, bp 
' motion, and if there be na fixed point in the system j the sums 
the are.as ^escribed around any given point, are proportioned 
d|k£; times fjiaployed in describing them. Poissox, vj IGO. 



J. 



• If there be any fined point in the system, the proposition is only! 
true when this point is taken as the origin of the co-ordinatei 
and as the centre of the areas. 

f It has already been stated, [bat change of motion is neyer effect-1 
ed per laltam, but is always gradual ; this principle is ceiled thel 
Laze of Cowinuily. 

209. Whenever the motion of a system of bodies undergoes" J 
any sudden change, the sum of the products that arise from mul- 
tiplying each body into the square of its velocity, becomes less ; 
and the diminution is equal to tlie sum of the products of eacli 
body into the squares of the velocities lost or gained by tbe mov-^ 
jng bodies. PoissoN, Jj 425, 

In the case where the bodies that compose the system are free to 

move in ahydirection, or where they move in conformity with 

', the law 01 continuity in known curves, or upon given surfaces, 

^^ il^^'^Iocity lost or gained at each instant, by each of tbe points, 

WL is iolinitely small ; hence tbe sum of the products of the bodies 

P J into the squiires of tbe lost or gained velocities, id a given time, 

is also inSnitely small, Tbe sum of tbe products of eacK body^ 

into the square of its velocity, is therefore constant wh 

bodies are not acted upon by any accelerating force. 



310. If the accelerating force that acts upon a body be uni- 
form, the distance to which- the body will go before it acquires of 1 
Joaes a given velocity, wilt fee as tlie square of that velocity. 

^0n this theorem i$ foiindeil tliat estimation of tbe force of mc 
bodies, which islmown by the nameof vis viva ; and which m; 
that force proponional to ihe square of the velocity. This suh-I 
ject hiis already been referred to, in treating of tbe shock of 
elastic bodies. The truth is, that tbe effect of a body 1 
tion, may be measured either by the distance to which It goes, 
or by the time that elapses before a resistance of tinlform i 
tensity reduce it to rest. If Ihe effect be measured! 'in the first 6 
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This has been more fully proved by our countryman, Mr. Perkins. 
Silliman's Journal, Vol. 3. 

Elastic fluids lU'e either permanently so, or condensible ; the former are 
called gases or aerifonn fluids, the latter go by the name of vapour 
or steam. 

214. If a fluid, considered as devoid of might, be contained 
in a vessel, and if pressure be applied by the intervention of a 
piston passing through an orifice in the vessel, that pressure will 
be equally distributed through the fluid in every possible direc- 
tion. PoissoN, <§ 479. 

This pressure is not only distributed equally tlu'ough the fluid in all 
directions, ))ut it acts perpendicularly against every point of the ves- 
sel that contains the fluid. 

A non-elastic flind may therefore be considered as a machine ; for a 
machine is, by definition, an instrument, by means of which a force 
is made to act upon points that are not in its direction, and to exert 
upon them a ^eater or less effort than if it were direcdy applied. 
PoissoN, § 480. 

315. If a fluid be contained in an open vessel, and remain in 
eqmlibrio notwithstanding, it must be solicited by forces that 
are perpendicular to its surface. 

The directions of the force of gravity may be considered as parallel to 
each other within limited distances, and consequendy the surface of 
a gravitating fluid contained in a vessel, in order to be equilibrio, 
nrait be a horizontal plane. 

If die extent of surface be great, it assumes a spheroidal figure, corres- 
p^^^ - pondhig with, or parallel to, the figure of the earth. 

r 

The surface of a gravitating fluid in equilibrio is said to be level. 



^ 



L If a liquid be placed in a number of vessels communica- 

tintf 1^ each other at bottom, it will not be in equilibrio unless 

lU me sorfaces be b the same horizontal plane. Water, there- 

%'TmB|| to equal heights in the opposite arms of a bent tube. 

'80K, ^ 508, 509. 



Mtchauic.<!. 

7. Levelling is the arl of drawing a line near ilie 
of the earth, tliat sliati cut the directions of gravity ever 
where at right angles. Platfaiii, § 243. 



I 



A level line is nearly an arc of a circle, but as Ihe instrunrents called  
levels do not give this line, bul its tangents only, a reduction is ne- 
cessary wherever the distance exceeds a certuin limit. If L be the 
length of the arc in English miles, and D its depression in feet 
low oncextremityofthetongent drawn toil at the other extremity f« 



There are three dilferent kinds of level ij 

(1) Tlie Water level ; in this a fluid is placed in an open tube b 
e al right angles ; the sight directed over the surfaces i 
perpendicular branches, gives a tangent to the level line, 

(2) The Spirit level consists of a tube hermetically scaled at 
ends, enclosing spirit of wine and a small bubble of air. As the 
has a tendency to risetotbc highest part of the tube, it is inferred 
that the axis is horizontal when the bubble remains al rest in the 
middle of die tube ; if siglits be adapted to this in such b way that 
the line joining them shall be parallel to the axis of the tube, tliis line 
will be a tangent to the level line when tlie bubble is in the position 
we Iiave just mentioned. 



(3) In the Mason's level, the direction of gravity is pointed out by 

I plumb line, and a perpendicular to the plumb line 
gent to the level line. 



'A modification of this instrument, called the American level, has b( 
sometimes used in laying out the directions of canals. It consists 
of two latiis joined to each other, like the sides of an acute angled 
isosceles triangle ; the plumb line is suspended from the 
See Puissant, § Ninvllement. Rfes' Cyci,ofje:dia. art. LevelK/tg 



m 

 d 
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OF THE PRESSURE OF FLUIDS. 

218. The pressure of a gravitating fluid upon a horixontal 
base is equal to the weight of a column of the fluid resting iip<m 
the same base, and whose altitude is equal to the perpendicular 
height of the surface of the fluids, above the base. 

The pressure on a horizontal plane is therefore proportioned to the 
base and to the depth of the fluid ; whatever be the figure of the 
vessel in which it is contained, or the extent of the fluid in a hori- 
zontal direction. 

If three vessels be taken whose bases are equal, if one be perfectly cy- 
lindricaly another narrowing towards the top, and the third wider at 
top than at bottom ; and if these three vessels be filled with wator, 
or fome other liquid^ to the same depth, the pressure upon the three 
bases will be exactly equal. This result is fully proved by experi- 
ment. PoissoN, ^49S. 

The best apparatus for performing this experiment goes by tlie name 
of the vases of Pascal. See Description Wwn Cabinet die Physique. 

If the depths of the same fluid, contained in diflerent vessels, be equal, 
the pressure is as the bases. If the bases be equal, the pressure is 
as the depths. 

219. If one of the sides of the vessel be a plane that is not 
horisontal, the pressure upon it is proportioned to its area, and 
to the distance of its centre of gravity below the surface of the 
fluid. PoissoN, ^ 495. 

The proper thickness of walls of a material of known strength, to resist 
the pressure of a fluid of given depth, may be determined upon this 
principle. See Belidor, Architecture HydrciHque. Prony. 
Gauthey, Memoiresj vol. S. 

The Centre of Pressure is the point through which the resultant of all 
the pressures on a surface passes, or to which, if a force equal to the 
whole pressure were applied in a contrary direction, the surface 
would remain at rest. 



r 
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pifall points inlhesurl'aee were prMsed by equal forces, tlie centre ol' 
pressure would coincide with the centre of gravity; but as tliu 
pressure of a gravitating fluid augments with [lie dcpili, the position 
of the centre of pressure is alwaya lower than that of the centre of 
gravity. 

220. Because fluids press in proportion to their altitudes aiid 
not their quantities, it follows that any quantity of fiuid, howei 
small, may be made to balance any other quantity, however 
great. 

■This principle has been called tlie HydroataUa pa radon, and an appa- 
ratus called the Hydrostatic bell wijli^ been contrived for illustra- 

'tJpon this principle also has been (^iBtru<:{mai].a.pparatu) 
called after the name of the it 
be described when 




1. If two immiscible Suids are ut'unMiffiio in the opposite 
arms of a bent lube, their heights above the surface of contact 
will be inversely as the densities of the fluids. Poisson, § 509. 



Density has been defined a 
bulks of different bodies. 



the ratio between the wei[rhts of equal 



^9*01 



222. If a solid body of less density than a liquid be placed 
iQ the liquid, it nil! sink until it has displaced as much of the 
'fluid as IS equal to its own weight, and will then float at the sur- 
face. 



223. A solid body Immersed in a fluid will, wheli left to itself, 
iiinii, if its density be greater tlian that of the fluid; rise to the 
mrface, and float there, if its density be less ; or remain at rest, 
fits density be equal. Poissou, § 501. 

||ji.The force with which a body rises or sinks in a fluid, is equal to the dil- 
ference between the weight of the body and the weight of an equal 
bulk of the fluid. Hence, if a body he weighed in a fluid, it will Ins 
J in weight as much as the weight of an ec\ua,\ tiuW <A x\w fcsA- 
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It thus happens that the weight of a fluid contained in a vessel is not 
sensible while the vessel is immersed in a mass of the same flaid, 
but becomes evident the moment we attempt to raise the vessel above 
the surface. From a misapprehension of this experiment, the an- 
cient philosophers asserted that fluids had no weight in propria loco ; 

They supposed the weight to be destroyed, when in fact it is merely 
supported. Fluids appear devoid of weight when placed l|^ flnids 
of the same description, not because they do not still giavkal^ but 
because a hydrostatic pressure acts upon them that is equal to their 
gravity, and in a contrary direction. 

224. If the same body float upon the surfaces of two diflferent 
fluids, the respective bulks of the parts immersed will be inverse- 
ly as the densities of the fluids ; and if a body sink in two dif- 
ferent fluids, the weight it loses will be directly as the densities 
of the fluids. 



OF SPECIFIC GRAVITIES. 



225. Specific Gravity is the proportion which the weight of a 
body bears to the weight of an equal bulk of another body. 

In this general sense it is the same with density ; but it is usual to com- 
pare the specific gravity of bodies by means of some common stan- 
dard, that serves as the unit ; and in terms of which the specific, 
gravities of all other bodies are expressed. The standard univer- 
sally adopted in the specific gravities of liquid and solid bodies 
is pure water ; and this may be obtained by means of distillatioo, or 
by making use of rain water newly fallen in places where it is not 
liable to be contaminated in passing through the atmosphere. 

« 

226. It is a general law of nature, that bodies are expanded 
by heat, and contracted by cold ; the bulk, therefore, both of 
the standard and the bodies to be compared with it will be af- 
fected by change of temperature, and their specific gravities will 
in consequence be changed. 

For this reason it is. necessary to adopt 8«ne ^ven temperature at 
which experiments shall be made, or to-wVucK the results shall be re* 



^e^imics. 



99 



Uuced. I'he French Institute have adopted the point of the greate^tt 
density of water, wliich is from 38" to 40" of Fahrenheit's thermo- 
meter. The tables of the English philosophers are constructed for 
the temperature of 60° of Fahrenheit. 

227. From the definition of Density, tlie following relations 
between the weights, bulks, and specific gravities of bodies, may 
^be deduced. 

(l) If the weights he equal, the specific gravities are inversely as the 
bulks. 

, (2) If the bulks be equal, the 'specific gravities are directly as the 

weights. 

(3) Iftlie specific gravities be equal, the weights are directly as the 
bulks. 



^ We owe the invention of the mediod of Specilic Gravities to Archi- • 
medes. He observed that a body immersed in 'a vessel containing J 
a fluid, causes the fluid to rise ; he thence inferred that the rise w 
equal to the bulk of the body immersed ; and diat tf two bodies of 
- equal weights, but unequal densities, were plunged in the fluid, the 
rise would be inversely as their densides. He applied this principle 
to ascertain whether a crown of gold, made for Hiero, king of Syra- 
cuse, was adulterated or not. Sec Phttarch, in Arcliimedem. 

228. The difference betiveen the absolute weight of a body, 
and its weight when entirely immei'sed in a fluid, is equal to the 
weight of an equal bidkof the fluid; and when thebulks of bodies 
are equal, their specific gravities are directly as their weights. 
If then s be tlie specific gravity of the fluid, S that of the solid 
body, W die absolute weight of the latter, and W' its weight ii 
msr: 



W: W— W, and 




J 
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but if « = 1, which is the case when the fluid employed is die 
standard : 

W 

S = 



w — w 



The weight of bodies as determined in tlie open uir, is in some mea- 
sure affected by the action of the atmosphere^ and die specific gravi- 
ty in ccmsequence ; but this it b usual to neglect except in very ac- 
curate investigations. ^ 

229. The instrument now chiefly employed in determining 
the specific gravities of bodies proceeds upon the above princi- 
ple; it is called the Hydrostatic balance and is no more than a 
very accurate balance, with such additions as will enable the ex- 
perimenter to weigh bodies with facility in air and water alter- 
nately. 

230. The general rule for finding specific gravities by means 
of the Hydrostatic balance, is : weigh the body first in air, and 
then in water, divide the weight in air by the difiference between 
the weight in air and the weight in water, the quotient is the 
proximate specific gravity. Thiarule is liable to modifications 
in its appfication, arising firom the nature of the substances imder 
experiment. 

(1 ) If the substance be a solid body heavier than water and in <Hie aoiid 
mass, it may first be weighed in one of the scales of the balancCyjHMJ 
then suspended from beneath it in a vessel of water, when it is agdn 
weighed. The body must not only possess the above reqniAeiy 
but be insoluble in water. If it be soluble in water, it may be wd^ 
od in a fluid that does not act upon it, and whose specific gravity, 
compared with water, is known. 

(2) In llie case of powders that cannot be tied and suspended to the 
scale ; they are placed in a bucket whose weights in air and in 
water are known, and thus weighed alternately in air and in water. 

;s) If the body be a solid lighter than water, it must be weighed in 
air, and then attached to a body-alf heavy as to cause it to sink in 
wHter; the rompound must then be wc&^ed m water, and after- 



wai'da ttie lieavier body ; if now tlie weight ot' the light body in air 
be divided by tlic diflerence between tlie several losses of weight 
the compound and of the heavier body alone, the quotient will 
the specific gravity. 

(4) To find the specific gravity of a liquid, take a phial whose weight 
when empty and when liUed with pure water to a certain mark ib 
known; fill it with the liquid up to the same mark, and weigh it. 
In this manner you will have the weights of equal bulks of the 
liquid and af watery divide the first of tliesc by the last, the quo- 
tient is the specific gravity. The same method may be employed 
ascertain the specific gravity of pulverulent bodies that are solub 
in water. 



air j 

rht I 



The specific gravity of a liquid may also he obtained by weighing the 
same solid in air, m water, and in the liquid; the loss of weight of 
the solid when weighed in the liquid, divided by the loss of weight 
in water, gives the specific gravity. 



f 

 231. When the esperiments are made at a. temperature difier- 
H ent from that chosen as the standard, a correction must be ap- 
plied. This consists in multiplying the specific gravity found 
by the above methods by the specific gravity of water at ths' 
^ven temperature. To facilitate this operation, accurate tabli 
have been constructed of the density of water at all the tempei 
tures within which experiments are made. 

For such a table, see BaANnE's Ckemislry, -^ 488. and Biot, 1 
dePhysigue, Vol. I. p. 425. 

232. In very accurate investigations, a correction becomes 
necessary for the loss of weight sustained in consequence of the 
bodies being weighed in air, and not in vacuo. If s be the spe- 
cific gravity of the body, as ascertained by weighing it in air and 
water, m the specific gravity of air at the time of making the 
perimeni, S the absolute specific gravity : 

' When the body is heavier tlian water this correction is to be subtract- 
ed ; when lighter it is to be added. In the m^ui state of the atmos* 
phere w = .00122 nearly, water being the «niV 
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The metliod of findii^ the specificgmvity of air aad gaiei will be 
afterwards explained. 

233. A knowledge of the specific grttirities of bodies is of 
great importance in th^ physical sciences, in many of the arts, 
and in commerce. 

(1) We can^liy ascertaining their specific gravities, determine the di^ 
ferencCf hi^een two bodies very similar in external appearance^ and 
thtt di^over their nature, where chemical analysis would be inappli- 

(2) We are furnished with infallible means of detecting aduUeratioDS 
in drugs, &c« of kno;wing the value and activity of chemical prepeiap 
tions, and &e strength of saline solutions. 

(3) We may in this way jud|gi df the purity and value of coin, paiti* 
cuhrly of gold coui, the richness of metallic ores, dsc* 

(4) One very important application of specific gravities is to ascertain 
the strength of spiritous liquors. This cannot be determined aa wA, 
in any otiier way. 

334. The method of specific gravities furnishes us with the 
ilieaiu jifcleterminiiig the bulks of bodies whose specific gravi-^ 
^nes are known, and of calculating the npiagnitude of irregular 



If B be the bulk of a body in English cubic inches, W its weight m 
grains, and S its specific gravity : - 

W 

B = ' 



. 252.576 8 

Where the weight is in Troy ounces: . 

W 



£ = 



.52746 S Platfaib, § 255. 

When die bulk is to be determined m cubic fee^. amlifae ^lie^bt is 
, given in ^vohrdupois ounces: 



W 

IQOOS 
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' The abnve theorems are Toiuided upon the well-known Tacts that a cti- 
bic inch of pure water, at the temperature of 60*" of Fahrenheit, 
weighs 252.576 grs. English Troy weight, and a Cubic foot of pure 
water 1000 oz. avoirdupois. 

From the above equations the manner of finding the weight of a body 
whose specific gravity and magnitude are known may be at once 
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OF THE QYSBOUETER. 



235. The Hydrometer is an iastniment for determining the ' 
specific gravities of fluids ; its theory depends upon the princi- 
ple already laid down, -^ 224, That if a body float alternately 
upon two different fluids, the magnitudes of the parts immersed 
will be inversely as their specific gravities. The essential parts 
of the Hydrometer are a bulb or hollow ball, a stem on which a 
scale is drawn, and a weight by which the instnunent is retained 
in a perpendicular position, and made to sink to a determinate 
depth in some given fluid. 

The common Hydrometer is made of glass; the weight is a second 
bulb, filled with a. proper quantity of mercury or leaden shot. It is, 
from ihe brittleness of the material, very liable to accidents; and aa 
the stem must necessarily be slender, when compared with the bulb, 
the scope of the scale is limited. To determine the various specific 
gravities of all liquids, whether lighter or heavier than water, a sin- 
gle hydrometer will not suffice. On this account it is not a conve- 
nient instrument for general use. On the other hand, as glass is 
acted upon by but few fluids, it is a valuable instrument for cliemical 
purposes. In consequence of the britileness of glass, metal has been 
substituted for it in the construction of hydrometers, and the scope 
of the scale has been increased by means of moveable weights. 

, Dicas' Hydrometer is used in the customs of the United States ; it is 
made of silver gilt, has 36 weights, and is capable of measuring all 
specific gravitiesfrom I to .825. Inthe handsof thechemistit would 
be an instrument of value for nice experiments, but it is not well fit- 
ted for the use to which it is applied. One bettet ajJa.^\sA.t««a.- 
dinary purposes is the Hydromp.let oi Qjiin ■. ftH* o^ 'OTias, %^i&.^ 
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tiicN^ it has no move than four weights, it will determine 8pe<jfic 
gmYitie$ within the same limits as that of Picas. 

Soiithworth, an ingenious artist of New-Yoi^, has constructed one 
that promises to supersede Dicas' in the customs, and with great 
advanH^. It Is awdeofsilver, and has but one weight. Itssealt 
itnot kateiteBsive than Dicas' or Quin's. 

Tbe'Hjdrometer is of great use in pharmaceutical preparations, and 
in the manufacture of sugar and of salts, by determining the exact 
time at which the process of evaporation by heat is to be stopped. 

A variety of it employed to detect the presence of sugar in the pro- 
cesses of the brewer and distiller is called the Saccharometer, 

• » 

Another vmiety is used to discover adulterations in milk ; it is ^aDed 
{tie Ladom^ier. 

S9& Tlie Hydfometer ii besides applied to weigh wd find 
Ike spedic gravity of solids. The Hydrometer adapted .for 
diil^ purpose is die mvention of Mr. Nicholson, and calkd aflbet 
iib same. See Nicholson, Philosophy^ p. 303. GasoOiurt 
§ 404. 



337. SpecilSc Gravities determined by tbe Hydrometer, ai«, 
fike those formed by the Hydrostatic bfJance, affiscted by cliange 
of temperature ; a thermometer should therefore be always em- 
ployed ajid examined at the same time witbtbe Hjfdrojsie^r. 

In sfiiritous Uquors, the difference belfween the apparent specific 
gravity and the true, caused by change of temperature, b very great. 
To facilitate the reduction of the first^of these to the last, tables have 
been constructed from accurate experiments. See Cavalu>9 PAi- 
hsophjfy VoLH. * 

Dicas' Hydrometer is accmnpanied vnA a sli(9iif mle, bjf^vrtiliii^^s 

reduction is tendered verf easy. :. -4* n#frv> < • 

— »  1- 

• '  ; . 

,.'.',-.* J. 

SW. When alcohol and water ar^ mixed together, theeom- 
pound is not found to possess the samtii^i|p^q||f^^^^^ 
^fedients, biH kless ; this dbunation in hiiljft lt>«iirf|^ii|[|fti 
tfioiL It takes place not wily between these two arfiipmiii^tliU 
imt cAer caaesofAMsudttreof bodies^ wliedicrflPoMfiilNliiid. 



JtTechaniat. 

Wot this reason the famous rule of Archimedes, lor determining 

e proportion of two Iinown ingredients from the specific gre^l 
nty of tlieir compoimd, is of no value in practice. 




. The specific gravity of fluids may be ascertained 
L another way, by means of a set of hollow bubbles of glass of 
lown specific gravities. See Pabke, Chemical Essayg, Vol. 11^ 




THE ATM05PHEBE. 



I 



240. We discover, while investigating the properties of fluids, 
that we are continually immersed in a body of that class. This 
is the Air or Atmosphere tliat surrounds our globe. The 
mosphere being insipid, inodorous, and invisible, its material na- 
ture long escaped tlie attention of philosophers. 

The first proof of its materiality may be derived from the action of it J 
currents, or the winds. These ore capable of producing' considera* 
ble effects. 

Air also prevents water, or Emy other liquid, from entering into a dose 
vessel containing it, when the vessel is invcned and plunged into 
the fluid ; it is cgnsequently impenetrable. 

241. If a tube, open at both ends, have one of its extremities 
immersed in a vessel of mercury, and if a piston, fitted air tight 
into the tube, have previously been depressed to the end immer- 
sed ; on drawing the piston up, the mercury will follow it to the 
height of about 30 inches. If the piston be raised to a greater 
height, the mercury no longer follows it, but its surface remains 
at rest at the height of 30 inches. If a similar experiment be 
performed with water instead of mercury, the water will follow 

p piston to tlie height of 34 feet, and there stop. Deluc, ^e- 
■ches mr V Atmosphere. 

The ancient philosophers attributed the rise of water in tubes, to ihc 

abhorrence they supposed nature to entertain uf a vacuum. But it 

  is now known to Ijc caused by the pressure of the aimos^he.te. few. 

le iheriseof tvater wa.'i ol>setveA wvisaTOmvnvw.a.v«&Xo 



I 
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• ' by some workmen employed in the service of the Oraad Duke of 
Tuscany. Torricelli, his pnply imagined tlie substitution of meicil* 
ry for water, in the expenmentiin the foBo|iR|ng|n9nner, viz. 

242. If a tube upwards of 30 indies in length, hermetically 
sealed at mie end, mid opea nt the c^hifr, bi9 fiOed with meieoiy, 
and carefully inverted into jp, ba£»n of the same liquid, the mpft- 
cury will fall in the tube ni^ its surftce stands at about 30 
inches above tte level of the mercury in die basin. At this level 
It will come to rest. Deluc, % 18. 

This instrument was at first called the Torricelliah Tube, it is now 
named the Barometer. The space left in the upper part of 4e 
tube b called the Torricellian Vacuum. 

243. As the proportion between 30 inches and 34 feet, is in- 
versely that of the specific gravities of the respective il^b, and 
as this is the same with the relative quantity of each other, tfac^ 
would mutually counterbalance ; w^ infi^r^tbol the force wlfoli 

. sustains them in the tubes is the same. 

If this force, be the pressure of the ataiosphere acting in 
sequence of its gravity, it iftma|difes^|hat 4ie^ 
Torricellian Tube must stand h^faestjplr 1^ 
earth, and that its altitude must ^nunish as it is raiseid lof^e at- 
mosphere. ^ 

An experio^atit of this nature was planned by Pascal, and execitted by 
Perrier, at the Mountain ca&ed the Puy de Dome, in the French 
province of Auvergne^ See Pascal, (EuvreSj Vot. 4. EpiNBUBOH 
Pe VIEW, Vol. 20. Deluc,^ 14. ^ ^ 
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Of the Pump. 






244. Watoridses te die conunim pun^ by the actioti <^^tfie 

pressure of dbeiilBi68|diere. A common pulnp ii^t<£lipOsed 1>f 

a cylinder containitt^ two valves or homs^ opening upwafcb ; 

the lower valve is fixed in the barrel o^^fte pun^y the iipper 

i a piston that works |iliJ|j|fey in theharrel ; hy^vkemgld 

kiagmd depressing ^)^|nsli% tlw ak is draim oii|^;i 
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Mechanicn. 
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barrel, and the water rises to supply its place ; when all the 
is drawn out the water rises to the upper valve, passes through 
it at the moment of depression, and is then lifted upwards to the 
spout, or place of discharge. 

This Bpecies of pump will not raise water above S4 feet. 

i'here are two other kinda of pump, the forcing and the lifting ; but 
the consideration of their several characteristics must be deferred 
for the present. 

Of the Syjjhon. 

245. If a bent tube, open at botii ends, have the end of the 
shorter leg immersed in water ; and if the air in the tube be 
sucked out, or otherwise extracted, the water will flow through 
the tube in a continued stream, provided the height of the upper 
pari of ihe tube above the surface of the water do not exceed 
34 feet. Plasfair, § 343. 

A bent tube of this kind is called a st/phon. 

Tlie liquid is supported in the tube by the pressure of the air, and runs 
with a velocity due to a depth of fluid equal to the diflerence of al- 
titude between ihe levels of the surface of the fluid in the vessel and 
of the discharging end of the tube. 

It is not absolutely necessary that the shorter leg should be immersed ; 
for if the long leg of the syphon be immersed to a depth tliat will 
bring the orifice at the other extremity beneath the level of the fluid; 
it will still discharge it, until the surface sink to a level with the 
opening. 

The syphon is much used for decanting liquors, and is commonly 
called a Crane. 

An amusing philosophical plaything is sometimes made by placing a 
syphon within a figure in a cup. As soon as the liquor rises within 
it to a certain height, the syphon is filled, tiie discharge commences, 
and continues until it be all exhausted. This apparatus is called 
Tantalus' cup. 
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OF THE PRESSURE OF THE ATMOSPHERE, 

I 

\ 

246. The mean height at which mercuiy is sustained Id the 
barometer at the level of the sea, is about thirty inches. The 
force that supports it is the pressure of the air ; the weight of a 
column of mercury is therefore the measure of the pressure qf the 
atmosphere upon a surface equal to the area of the base of the 
column. If the specific gravity o£ water be taken as 1000, that 
of air is If, and that of mercury 13600; from these data, the 
pressure of the atmosphere at the earth's surface appears to be 
about 15 lbs. per square inch ; and it is equivalent to thut of a 
homogeneous atmosphere, 27600 feet in altitude. 

The pressure being 15 lbs. per square inch, amiddensised man is load* 
ed with a weight of about eleven and a half tons. We af#1niennUb 
to this enormous burthen, because it presses equi^ iik>dl d ir e ctio B Sy 
and because the air is so perfect a fluid that its particles ofier no Ja» 
temiption to our motion through it. 

If the sur were a non-elastic fluid, and the atmosphere cb i M i equ cniiy 
homogeneous, its he^t would, upon the above hypotfiesis, be 
27600 feet. We shall find occasion to make use of this estimate 
more than once in our subsequent investigations, although, in conse* 
quence of the dasticity of the air, it is far from the tnitb. 



OF THE AIR PUMP. 



The mechanical properties of the air are best investigated by the Air 
Pump, 

247. The Air Pump is a machine h^ means of whfch the air 

iK^ be e3ili!acted firom close vessels. It is composed^ eiieiKially, 

f(t)|i barrel ^UmI two valves like those of the commoniwqp jr dip 

d communicates with a close vessel, called a tec^g^t^MfAWi 

datcm alternately rises and falls, the air in the reccfvtgrig ni«»^ 

d. - - '^  



* ? v Y J 



The air pump was invented by Otto Guericke, a burgomaster of A 
deburg in Oermany, in the year 1664. Gukricke, Experimeid 
Nona de vacuo tpatto. 

^,it bu successively received many great improvements, particularly^ 
from Boyle, Hawksbee, Martin, Smeaton, Culhbertson, Mendl 
shorn, and Dumoutier. 

By combining two barrels together, and working the pistons with rack ' 
work turned by a toothed wheel, the operation has been rendered 
more rapid. By adapting a contrivance that opens the lower valve 
at each stroke of the piston, the former limit of the rarefaction, 
whici) ceased as soon as the spring of the contained air became too. J 
weak to open this valve, may now be passed. 

The pumps of Boyle and Hawksbee, and many of the later ones, had 
plates of brass covered with oiled leather on which the receiver was 
set. In pumps of this construction, an evaporation took place from 
the surface of the leather that affected the results of experiment 
t in the best modern pumps, the plate and the bottom of the rec^ i 
ver are ground to fit each other. 

The barrels that were foimeriy of brass, are now made of glass, and 
the pistons that were also of brass and covered with oiled leather, 
are made of a soft metal that is forced into the barrel. Gregoby, 
Mechanics, Vol. 11. 



To measure the exhaustion produced hy an air pump, we m 
gauges of several different kinds. 

(l) The Barometer gauge ; this is a tube open at both end; 
per communicating with the receiver, the lower plunged 
of mercury ; as the air is eibausled from the receiver, the mercury 
"rise in the tube, and the ratio its height bears to that of the mer- 
cury in a barometer will mark the rarefaction the punip produces, 

> (2) The short Barometer gauge ; this is a short tube hermetically seal* 
It top, filled with mercury, and inverted in a vessel of that ilutd, the 
surface of which is enclosed in a receiver commimicating with the 
valves of the pump ; when the pump is in opeta.i.v(Ki.,V 

iver is exhausted in equalmeM\\teN^■AVfeB!^."■nl."^0R^VL■tt.*^• 
3KB». L \5 
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and when the pressure becomes less than that of a column of mep^ 
cury of the length of the tube, it will of coarse b^;hi to descend. 

(3) The Syphon gauge resembles in principle the short barometer 
N g^uge, but is turned up at the end instead of being inverted hi mer* 

cury. 

(4) The Pear gaugd ; this is a hollow vessel of glass that takes it^ 
name from its shape ; it has a small orifice at its larger end, wlucfa is 
immersed in a vessel of mercury ; it is thus placed under a separate 
receiver communicating with the valves of the pump ; when the 
receivers are exhausted, the air contained in the gauge expands 
itself, and forces its way through the mercury, but when the air of 
the atmosphere is re-admitted, it Ibrces the mercury into die gauge 
until the rarefied air left in it is brou^t to the same density widi 
the atmosphere ; the space unoccupied by mercury will therefoie 
be the measure of the rarefaction of tlie air hi the receivers. 

In using this instrument in a common air puflip, at the same time with 
the barometer gauge, there is a remarkable discrepancy i 
between their respective results ; the pear gauge showing ft 
of rarefaction far beyond what is pointed out by tii^ cdier. Hif is 
readily explained, when we consider that the oil in the leather that cik 
vers the plate of the common pump will evaporate when the preasore 
of the atmo^here is removed, and fill the cylinder with arare vapour^ 
which, bdng elastic, tends to prevent the rise of the mereofy in tlie 
barometer gauge ; no part of this vapour can enter the pear gan^, 
which is therefore insensible to the existence of it in the receiver. 
See EifCTCLOFiEDiA Britannica, article Fneumatics^; and 
Hachette, Cours Elementaire, 

248. Among the many proofs furnished by tli# «ir pomp of 
the pressure of the atmosphere, are the following, viz. 

(1) If the hand be placed on the top of an open receiver, it will be 
pressed down upon it with great violence after a few sti^H^ of the 
piunp. 

(2) A receiver is firmly fixed to the plate of the air pump. 

. (3) A less receiver, placed within a greater, is fixed to theplal^ ^^^PIK 
puinp on the re-admission of the air. ^^ .A |J-: 

'4) JL bladder, stretched over the mouth of an open receiver, is iuflt 





I {5) Two bemisplieres of brass, ground lo lit each oilier, are so firmly 
fastened logpth'.ras (o requircagreat effort to separate them. Thesf , 
■e called the Magdeburg heitiisplier 



I. "nie last expainient might, if the exhaustion were perfect^ fumitli a 

' mode of estimating the quantity of the atmospheric pressure in tenns 

of some known weight and measure ; but this may be better a»> 

certained upon tlie principle already explained. See Guericu;, 

^_ Ei^perimenla Nova. 

^^K 349. The pressure of the atmosphere might reasonably be at- 
tributed as a canse to its being acted upon by gravity ; but to 
render the fact of the weight and consequent gravity of atmos- 
pheric air more certain, a portion of it may be actually weighed ; 
this is effected fay adapting a valve opening outwards to a flask ; 
the flask, after being weighed, is screwed upon the plate of an air 
pump, and the air rarefied as much as possible ; if it be now 
weighed a second time it will be found Ughter ; the difference in '^^H 
weight is that of tlie air abstracted. ^^H 

kThat air grantates may also be made manifest from the fact, that the ^^ 
atmosphere continues to accompany the earth in its rapid diurnal 
and ajuiuat revolutions. 

The strata of ^r at the surface of the earth are pressed by the whole 
weight of the superincumbent strata, and the height of the mercury 
n the barometer b the measure of this pressure. Biot, Vol. I. 



OF THE ELASTICITY OF AIR. 



. That air is elastic may be proved by many experimentf, 
tnong which are the following, viz. 



Kuoi 

^^E(l) If a bladder only partly filled with air be placed under the k 
^^^~ of an ajr pump, and the air exhausted from the receiver, the bladder 
will distend itself, and finally burs). 

(2) If a bladder, under similar circumstances, he ItadsAW'Bfe'weaK^i 
^^ weights, on exhausting the air from We 
^^L bladtier acquires force sufficient to ravsp. \V«9e- "* 
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• 

(8) The dastichy of the atmosphere is also shown by the iBanner in 
which the air pump itself works ; for it would be impoitible lo ex* 
haust the air by itoeans of that machine, were it not 




(4) The elasticity of the air may be likewise proved by merely invert- 
ing a close vessel full of air in water : the resistaao^ il offers to 
ferdier immersion, and the partial entrance' of Alt iNN^ hitto it, 
kt% prooft of the elasticity of the ak it contains, 

• 
251. In consequence of the elasticity of air, we ean at once 
infer, that if it were pressed by a weight in adcfi^on to that of 
the superincumbent strata of the atmosphere, it must occupy a 
less space, while, if die pressure of the atmosphere were lessen- 
ed, it must dilate itself, and occupy a ^ater. Bui the exadt 
law of condensation, and the reladon between the space4|c< 
by a igiven quantity of air, and the pressure by which it is 
np&ikf remun to be investigated. This may be done by 
of iStxd Iblloiwmg experiments, viz. 

(1) W" m open tube be screwed into the top of a vessel pai<dy tted 
with mercury, and if it dip into the mercury in such a way thitf tfM^ 
air contained in the upper part of the vessel shall be entirdNpwdo- 
sed ; and if the whole be placed beneath a tall receiver ttpm tfie 
plate of an air pump ; the marcury in the vessel wifflbe fprced up 
into the tube when the air is exhausted from the receiver, and ll^^will 
be found to rise pari passu^ and to equal heights witii tlii:^||Harcury 
of the long barometer gauge. We may hence condude tfmit the 
elasticity of air of equal or less density than the air of the atmos- 
phere, is exactly equivalent to its pressure. 

(2) Take a cylindrical glass tube, bent into the form of a S3rphon, open 
at the extremity of the longer branch and closed at the other ; pour 
in at first a small quanti^ of mercury sufficient to fill the beiit part 
of the tube, and thus endbse the m in the shorter branch without 
compressing it ; pour in next at the open end an additional quantity 
of mercury, it will compress the air in the shorter branch, and rise 
into it, but not as fast as it rises in the open branch ; and when the 
aur enclosed in the shorter brauch shall have thus been condensed into 
half the space it had formerly occupied, it will be found that the mer% 
cury in the opan branch will stand as high above the cooopukmi pfame 
of the mercury and air as the barometer stands at tljcmoiaqitt Ir 

ib»case the or^nal pressure is evideiMdy do$k\Ae^ lRlWiiiSMt%^ 
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of the mercury shall have reached lo twice that of the bajyimeter, at I 
the instaDt the original pressure is tripled, and the enclosed air will 
be found to occupy exactly one third of the original space. Biot, 
7Vai(e de Phynique, Vol. I. 

" In order that the air contained may be jerfectly dry, h is usual lo iu- 
verttbe tube, and insert the open entremity through a cork into a 
receiver containing deliquescent salts for some time before the experi- 
ment is performed ; by adapting the tube in the same way 
ceiver, and filling it with gas, we may make experiments on the 
force of the gases. 

(3) Take a very slender tube of glass, hermetically sealed at oneendl; 
introduce into it a small column of mercury ; this column in a small 
tube will not permit the air to pass it, and if the sealed end uf the 
tube be held downwards, it will compress the contained air by its 
weight ; on the other hand, if the open end of the tube be held 
downwards, the mercury will descend a certain distance, and there 
stop. The quantity of compression m the one case, and of dilata- 
tion in the other, will fumisb means of computing the relation bfr 
tween the pressures and the corresponding spaces. BioT, Vol. U,, 

(4) IT a portion of air be lefi in the tube of a barometer, and the space 
it occupies observed before it is inverted in a basin of mercuty, this 
space will be found to be very considerably increysedafter the inver- 
sion of the tube is effected ; ifthetube be inclined in various degrees, 
the space occupied by the air will be found to lessen until the tube 
be brought into a horizontal position, when the air will be of the 
same bulk as it was originally. Eiot, Vol. II. 

The second and fourth of these experiments were conlrived by IK 
riotie, the third by Dalton. They fully confirm the following la 
called, after the inventor, that of Mariotte. 
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253. The air of the atmosphere resists the action of forces that J 
tend to compress it, with an elasticity that is directly as its densUfl 
1y, and inversely as the space it occupies. 

' This law is also true of all other permanenlly elastic fluids. 

In all the above experiments and deductions, the temperature i 
posed to remain unchanged. 
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253. Air resists pressure equdly io all directions, and if all 
pressure were removed, there is no assignable limit to the space 
a given quantity of air would occupy. PLATrAiR, ^ 333. 

254. It i$ usual in performing a course of experiments with 
th^ uit pump, to show the*necesuty of the presence of air for 
the siqiport of animal and vegetable life, and of combustion. 

(1) An animal under the receiver of an air pump, becomes restless and 
uneasy as the air is exhausted, then falls into convulsions, and final- 
ly dies. 

(2) A plant kept for some days in^an exhausted receiver withers and 
dies. 

(3) A candle is extinguished when the air is drawn from the receiver 
under which it is placed. 



These experiments are no longer of much value, in consequence of the 
great light that has been thrown upon these subjects in another way 
by modem chemistry. 



OF THE BABOHETER. 

255. When the basin and tube of the Torricellian apparatus 
are firmly fastened to a common support, on which a scale is 
drawn, it forms the instrument known by the name of the baro- 
meter. 

The altitude of the mercury in the barometer is reckoned by us in 
inches and decimals, and by the French in decimal parts of the metre. 

The barometer, besides its original purpose of showing the pressure of 
the atmosphere, is now applied to the mensuration of heights, and 
to predict changes in the weather. 

)S56. Foi bptth of these purposes, it was at one tdme condder*^ 
essential tbsi the scale of the baiometftt dA«eV<QL\»^ \«Hig9ii«^ 



LCcompUsh this, a number of changes were made at diC- 
ferent times in its form ; nearly al) of these have heen laid aside, 
in consequence of their being much more remarkable for inge- 
nuity of contrivance, than for tlietr practical utility. 

The wheel barometer of Mooke is the only one that remains in com- 
mon use; Professor Leslie of Edinburgh has proposed to restore the 
use of the conical or pendent barometer as a portable one. 

The lengthening of the scale of the barometer has been rendered un- 
necessary, by the great improvement that has taken place of late 
years in the graduation of instruments; barometers are now con- 
stmcled with temiers, that give the height of mercury to the nearest 
thousandth part of an inch. 

S57. When the barometer is used in the mensuration of heights 
must be rendered portable ; this can be effected in a variety of 

(1) The mercury may be enclosed in a leather bag or vessel whose 
softness and pliability permit the action of the air; the capacity of 
this vessel may be diminished by the pressure of a screw upon its 
lower extremity, and the mercury forced up until it fills the tube, 
and is held firmly without the power of oscillation. 

(2) In Deluc's barometer, the general form resembles a syphon, but 
the upper part of the open branch is a separate tube of glass, joined 
to the other by a joint of ivory, in which a slop cock is inserted. 
■By inclining the instrument the mercury is brougjit to strike ag^nst 
the top of the tube, and is fixed firmly in that position by closing the 
stop cock. In using this barometer it is necessary to employ a scale 
Dpon each branch of the syphon. Deluc, rar VAtmogpbere, 

(3) A very complete portable barometer was plaimcd by Sir George 
Sharpsburgh, and subsequently improved by Ramsden and Trough- 
tou. This instrument, when in use, is suspended by gembals 
from a tripod stand ; its own weight is then sufficient to keep it 
steady when exposed to the weather. The legs are hollowed out, 
and, when put together, form a case, in which the tube, cistern, &c. 
are packed. See Rees' Cvclofjidia, article Barometer. 

I (4) Another, still more portable, has been planned by Sir H. En^U^ 
field. It, with all its appendages, is endoiaiA m'ipR ^y oi ^ ^-^^fc- 
ing-esne. 



Meoi^r^Me/U €jfmiI:inuUa ij the Barometer. 

259. As we afeeod fron tfe «ar6c« of ibe earth the d 
tbe air dimkaAa, far cadb ftntzun of air is 
by the wei^bt of tbose abore it ; the upper strata are of 
JeM eoflqireMed, and cosfetpiendy Icse clenx diaxi diose 




Were dK alBocpbere homogeneooi, taehdejhtof dKMOcary IB 
rwet e r vodd decrease in die same ratio with the ditfi 

ffaii ; bat as dusu DOC die case, some odKT lav rcBiaiostohe 
vestifated. This is done upon tiie hi fiiahi lii dtthe 

and the face of grariiation are oniform thn^g^iHt ; and the 
ing resoJt is obtained. 

359. If the heights from the surface be taken, increasiiig in 
arithmetical progression, the densides of the corresponding strata 
of air fiill decrease in geometrical progression ; and if the heights 
from the surface be taken in arithmetical progressimi, the cor- 
responding columns of mercury wiU decrease in geometric pro- 
gression. Platpaib, % 336. 

As logandmis have to their numbers a relation, the c o nv e rse of the 
above, it is evident diat they might be employed in this ralmlari^y n. 
If ft be die height of the column of mercury at the surface, V its 
bdgfat at any altitude, k above the surface, and m a constant co-efi: 
cient^ to be determined by experiment : 

h^=m (log. h — log. b) 

m may be determined by ascertaining the value of il, in some par- 
ticular case where h and h' are known, by levelling or by^trigono- 
metric calculaticm. If the temperature be 32^ of Fahrenheit's 
thermometer ; if 6 and b' be taken in English inches, and A in Eng- 
lish fathoms, m = 10,000 ; if then the difference between the tabu- 
lar logarithms of the heights of mercury betaken, and if the mean 
temperature be that of freesing, it will be only necessary to remove 
die decimal pomt four places back, and it will give the h«|^tin 
fathoms. 

2G0. Thii rule is tnie only in this one pardcular case ; for the 
dcn&ity of the air i$ affected by its tempei^tose, ^ndthe cohunn 



of mercury iu the Barometer will be lengtliened by heat, a 
contracted by cold ; correctioiis must therefore be applied to the m 
result of the above raie, for both these causes of irregularity. 

Air has been found by tiie experiments of Sir Geo. Shudtsburg anJ 
Gen. Roy, to expand .00244 of its own bulk for each degree 
of Fahrenheit's thermometer. The expansion of mercury for each 
degree of Fahrenheit's thermometer, is about .000101 of its bulk. 
See Rees' Cvclopsoia, article Barometer, 
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261. If, therefore, J be the height of tjie mercury at the low- 
est station, and b' at the highest ; t and t' the temperatures of 
the fur at these stations, q and q' the temperatures of the quick- 
silver in the two barometers ; A the perpendicular height in 
fathoms : 

t +t' 
h = 10.000. (l + .00244( 32°) )log. 



6' (1 -I- .000101 (y J-) 



362. The following are the rules for tlie practical applicadoQ 
of this problem, viz. 

(l) In order tliat the observations may be carefully and accurately 
made, two portable barometers must be procuredof the best construc- 
tion, and filled with mercury of the same specific gravity ; into the 
wooden frame of each, must be sunk a thermometer called \\s attached 
tliermometer ; two other diermometers must also be provided, detach- 
erf from the barometers. Ol'thet\vobarameters,one with its attached 
thermometer b to be placed in the shade, at the top of the eminence 
whose height is to be measured ; the other remains at a station be- 
low ; let them continue a sufficient space of time at each station for 
each detached thermometer to acquire the temperature of the air. 

^'{23 An observer on the eminence must note down the height of the 
mercury Ui the barometer, and the temperature pointed out by both 
the attached and detached thermometers ; at the game time, another 
observer at ifae station helow, will make similar observations upon 
the instruments there placed. If, in this manner, two or three sets of 
observations be taken at each station at short intervals of time, the | 
mean of their results may be taken as the true altitude. 



4 
4 

i 



L. 



(3) The calculation is performed as fo\iiyw5,VvL, 
.5^01. I. Ifi 
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Correct the height of the mercury in the barometer at the upper 
tion, for the difference of tepiperature ; this correction is foudbj 
multiplying the number of inches and decimals by the conrtaot 
number .OOOlOf ^ apd the product by the difference of the attached 
thermometers. If the temperature at the upper station is the least, 
the ccnrection is additive^ if greater, it is subtractive. 

The difference between the logarithms of the observed helglit <si the 
/ mercury at the lower station, and the corrected height al^the vpper, 
is the approximate elevation. 

To this remains to be applied a correction for the t emp erat u re of die 
air ; this ccnrrection is found by multipl^ng the approxhnate devsh 
tion by the constant nomber .000244, and the jmNhict by die <iiftp> 
ence between the mean of the two detached thermometen «k1 52**. 
If the mean is greater than 32^, this correction is to be added 10 tlie 
approximate elevation i if less, it is to be subtracted. 



It may often happen that but one barometer can be prooored, ai 
in consequence the observation cannot be performed at the 
time at both stations. The result in this case is by no means 
curate as in the other. Were we acquainted with the efieds thai 
the presence of moisture produces on the pressure of the tur, cr 
knew the law of the decrease of temperature in risnig 
&ce of the earth, a single barometer, an^ successive 
would suffice. * 

Professor Leslie has laid down a formula for estimating the decrease of 
temperature, but experunents are still wanting to test Its accwaqr* 
See Leslie, Geometry, 

With regard- to the effect of moisture contained in the air but little is 
known, for we are as yet without good instruments for eves 
ing its quantity. 



When the process we have just described is conducted widi^aie ami 
attention, btoNOAetric measure is found to gm results ydlc «Mieci>- 
rate as the best trigonometric operations. 



i' 
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The remarkable coincidence of w iii the barometric foi-mula with t 
number 10,000, when tlie height is to be estimated in EngtJshfii 
thorns, facilitates the calculation extremely. 

IVhen the altitudes of the mercury are observed in parts of the Frendi^ 
metre, and the height is to be found in that measure, the calculation 
b by no means so simple, for in that case m - 1 8^93. To do away 
this diflicully, Biot has coostmcted tables that by a sinible subtrac- 
tion give the heights in metres; these tables are accompanied by 
others for the two corrections. See Biot, Astronomie PAyttjuCj 
Vol. 4. Malobti de Martsmont, Militaiy Tocography. 

In elevations not greaterthan a mde tbe following rule of Professor Les- 
lie's will be found to give results very near the truth; as the sum of 
theiwo mert-urial columns at the two different elevations is to their dif- 
ference, so is the constant number ^2,(KX>to the apjiroxim ate height. 

It has been proposed to substitute the altitudes of mountains measured 
by the barometer for horizontal 1>ases in geodolic operations ; and. 
this method has actually been put in practice by Humboldt, 
Mexico, with great success. 






r 



363. The boiling point of water, wliich, under the mean pres- 
sure of the atmosphere at tlie aurlace of the Earth is 212° of 
Fahrenheit's thermometer, diminishes with the decrease of this 
pressure. It has, for this reason, been proposed to substitute for 
barometric nieasurement, an observation on the temperature of 
boiling water. 

Although the apparatus in this experiment is both clieaper and more 
portable than the barometer with is accessaries ; the experiment J 
Itself is liable to fallacies from which that with the barometer is free. I 



Use of the Barometer to predict changes in the ioeather. 



264. The height of the mercury in the barometer, even at the I 
same place, is by no means constant, but is found to varj with I 
heat and cold, and witli the changes of the weather ; the corre^J 
ponding change in the barometer is known to precede those that 
take place in the atmosphere ; hence, if carefully watched, it 
may enable us to foretell the phenotiien% o( 'ixe vie^&va . 

ji'orfhis/Mirpose. Dr. Halley Vias p^ov'^setV xlnc fa'Ao-smft^'^"- 
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(1) In calm weather, when the air is inclined to rain| the mercury is 
commonly low. ^ 

(2) In serene and settled weather, and also in calm and frosty weather^ 
the mercury is generally hi^. 



(S) Upon very high winds, although not accompanied with nin^ the 
mercury sinks lowest ; regard being had to the point of the compass 
from which the wind blows. 

(4) The greatest heights of the barometer, are found upon easterly ' 
and north easterly winds ; to which it may be added, that under a 
southerly wind it is commonly low. 

(The above four observations hold good in every part of Europe ; but 
in North America they are not entirely correct ; for instance, die 
greatest heights of the barometer in New-Yorii take place tmder 
westerly and nordi west winds.) 

(5) Ailer very great storms of wind, when the mercury has been for 
some time low, it generally rises very fast again. 

(6) The more northerly places have greater alterations of the baramev 
ter, than the more southerly. 

(7) Within the tropics and near them, there is little or no varii^on of 
the mercury in all weathers. At St. Helena it is little or noidihig; 
at Jamaica 3-lOths of an mch ; whet-eas m England, it is 2 1*!S 
inches; and at Petersburgh, nearly 3 l-3d. SeeREEU^ Cxevlttss 
DiA, article Boromef err 



We shall account for these changes, and their connexion with the 
ther, when we come to treat of the air as a vehicle of moislkare^ and 
of the winds. 



OF THE SPECIFIC GRAVITY OF ELASTIC FLUIDS. 

366. As the densities of elastic fluids are small, when com^ 
pared with water, experimental philosophers, in order te render 
tbe difierence between them more sensible, inake use'^of soma 
4^r substance as the nmt. Some have for this purpose ettK 



toyed tbe ^r of the atmosphere, others oxygen, and othen I 
1 hydrogen. 

' As the last is the lightest of all known substances, it possesses advan- 
tages of a peculiar kind over the other two ; the numbers too that 
represent the specific gravities of bodies in terms of hydrogen, as 
the unh, have a most remarkable coincidence with those that mark 
the proportions in which bodies combine chemically with each other. 
On the otlicr hand, atmospheric air has this to recommend it, that it 
has been found to be uniform in composition in every part of the 
ji • globe. 

^'266, The comparative weight of ecjual volumes of atmos" 
pheric air, aiid of any other gas, may be found as follows: 

Take a globular flask of thin glass, whose capacity is at least five or 
six quarts ; it must not be less than this, otherwise llie errors that 
necessarily take place in weighing, would have too great an influ- 
ence on the result. This flask must be provided with a stop cock 
ttiat will efiectually cut off all communication with the external ur. 
If the stop cock be opened, and the flask screwed upon the plate of 
an air pump, the air may be exhausted, and a partial vacuum formed 
within the flask. Let the stopcock be now closed, the flask detached 

L' and we^hed by means of an accurate balance. Call the weight 

H thus found P. 

It the stop cock be opened, the air of the atmosphere will enter the 
flask, and the arm of the balance at which it hangs vnll prepon- 
derate ; let it be again accurately weighed, and call hs weight P' 
 It is evident that the augmentation of weight is due to the air that 

^^ has entered the flask ; if we suppose the vacuum to have been per- 
K feet, P' — P will be the weight of the bulk of atmospheric air con- 
tained in the flask. 

In the same way the weight of an equal bulk of some other elastic flmd 
may be found. The flask is first to be weighed empty ; let ji be 
its weight ; this is not essentially equal to P, for it will depend upon 
the density of the almospliere at the time this last experiment is 
made. It is then to be filled with the gas, and again weighed; if the 

ight, when fiill of gas, bep' p' — p, will be the weight of tl 
contained gas ; and if « be the specific gravity in terms of a 
jheric air : 



I 

I 
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P' — P 



8 = 



P— P 

Bk>t, Ph^iigue, Vol. L 

The same formula may be employed to find 8 in terms of an eqnalJkiVl: 
of bydroj^, by .ubnituting for F the weight of thfe iMi filMlWK 
that gas. 

367. If this process be repeated with the same gas, atmosphe- 
ric air from the same place, the same air pump, the same fkuMki, «id 
the same balance, the result will be found different ; this shows, 
that however exact the ei|>eriments may be, they camiot b? com- 
pared together until they have corrected for errors arising hom 
the following circumstances, viz, 

(1) The pressure of the atmosphere is not constantly the same ; die 
air contained in the flask, when it is weighted Ml of air, it acted 
upon by this pressure, and its mass will be of g;redter or lest jrd|^b, 
according as the pressure of the atmosf^Mre is, at the moBMPt, a 
greatar or less quantity* 

(2) The pressure of the atmosphere is not the sole cause of a d|m^[e 
in the weight of a given volume of air ^ change of temperature pro- 
duces a similar efiiect. 

(S) These two causes have a proportionate influence upon die wd|^ 
of all the other gases, when they are introduced into a flask whaice 
the air has been exhausted. The temperature and pressure at which 
they are introduced into the flask must therefore be noted* 

(4) The flask itself does not alwtP^ coBtiaiae of the same capociQr ; 
for the glass of which it is made is contracted or dilated by ehai]|ne 

of temperature. ' . 

(5) Atmospheric air and the gases are capaUe of containing a cerlun 
quantity of moisture; this varies wiUi the temperaii^, and with 
the care that has been tak«i to free them from witter; the same 
quantity of gas weighs either more or less, as it contdms more or 
less vapour. In order, thei, to compare the results of es^ierinents 
on tins subject, we must know the quantity of vapour ooolmaedin 
the gas, as well as in the air of the atmosphere* 
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(6) All these causes infiunice the experiment in another manner, by 
clianging the density of the exterior air in which the flask, when tt 
is weighed, b, aa it were, immersed. The loss of weight of the 
flask, whether empty or full, when weighed in the air, will vary, 
will) its own bulk, with the pressure of the atmosphere, with the 
temperature and hygrometric state of the exterior tur. 

 (7) We have supposed in these experiments that the vacuum producecl ^ 
by the air pump is perfect ; (his, as we have shown, b nevo- the 
case ; for whatever pains be taken to exhaust the flask, there must 
always remain in it a small quantity of elastic fluid, whose existence 
is shown by its action on the gauge of the pump. The quantity of 
this elastic residuum must be measured ; it must also be ascertained 
whether it be entirely gaseous, or entirely aqueous vapour, or whe- 
ther it b composed of a mixture of the two, and in what pro- 
porti<»is. BiOT, Traite de Pht/sique, Vol. I. 



OF THE ATTRACTION OV COHESI 



1 

4 



The laws of the equilibrium of fluids, deduced A priori^ are in some 

measure influenced by a species of attraction that frequently takes i 

place between their particles and those of solid bodies. This is | 

called the attraction of cohesion, or from one of its most remarkable | 

cases Capillary Attraction. The motion of fluids is aflected even 1 

> more than their equilibrium, by this cause, it is in consequence ne- ', 

 cessaiy to consider its phenomena before we can pass to the subject ,l| 

I of Hydrodynamics. 1 

' _ 1 

268. If a polished plate of Gome solid substance be suspended 
borixDotally from one of the arms of a balance, and if, after 
having counterpoised it by weights in the opposite scale, it is 
brought in contact with a liquid, it will be found to adliere to it. 
This is made manifest by the fact that they cannot be separated 
without the evident exertioD of a determinate force. Biot, \ 

Vol. 1. 



I 



This adhesion b not caused by the pressure of the atmosphere, for it 
takes place even m vacuo. 

When, by the action of weights appWeilo ftv^ o^vai\\t; ^-wi sS,Ss«- 
baUiace, the plate is raised , "it wiU \>e twavft. lo tax-rj >«>«&■«- »--S^'*s«. 



I 



I 
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of the liquid, ll is evident, therefore, that the added weiglit u not 
ifae measure of the attraction between the piate antl the fluid, but of 
the attraction existing between the particles of the fluid body itself. 
BioT, Vol. I. 

269. When capillary glass tubes are dipped inlo water, it will 
be found to rise in them. When two plates of glass are im- 
mersed in the same liquid, parrallel to, and at small distances frotn 
each other, a portion of the fluid will also rise between them. 

When the altitude of the column of water is measured, it will be found 
to have risen highest in the tubes of smallest bore. Tliis phenome- 
non is found to occur in a greater or less degree with all liquids that 
are capable of moistening glass, and although the rise is most per- 
ceptible in small tubes, it appears in some degree in all vessels what- 
soever, as is shown by a ring formed around the sides with a conca- 
vity on its upper side. 

Tubes of other materiak than glass are capable of exerting capillary 
attraction on water, as are also the natural pores of many bodies, 
both organic and inorganic. The capillary suspension takes place, 
whether the tube remain immersed in the liquid or not, provided 
there be a drop of tlie liquid adhering to the lower end of it. 

Iftbe liquid and the solid body be of such a nature that they do not ad- 
here, the liquid, instead of rising in (he tube, is depressed ; thus, 
mercury does not rise as high in a glass lube as its own original 
level. 

270. The surface of those liquids that rise in capillary tubes, 
will be found on examination to he concave upwards; and in 
cylindrical tubes, where the hquid moves with freedom, the con- 
cavity is foiuid lo be nearly a hemisphere, touching the interior 
of the tube. The surface of a liquid that is suspended by ca- 
pillary attraction between two parallel plates, is also concave 
upwards, and of the form of the half of a cylinder. The follow- 
ing are some of the more remarkable phenomena of capillary 
attraction, as observed by experiment: 

(l) The surface of those fluids that are depressed in capillary tubes is 
convex towards. The heights to which the same fluid rises in 




cylindrical capillary tubes of different di 
diameten. 



iixe inversely ai the 
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(2) The height to which a fluid rbes between two concentric tubes, is 
half that to which it rises in a tube of the some material, and whose 
diameter is equal to the distance between the concentric tubes. 

(3) The height to which a fluid rises between two parallel glass plates 
is half that to which it would rise in a lube whose diameter is equal 
to the distance of the plates. 

f (4) If the plates, instead of being parallel, are inclined to each other, 
the surface in contact with the plates, instead of being a horlKontal 
Btraight line, becomes curved, and this curve is an hyperbola. 

(5) Whether a fluid rise or fall between two vertical and parallel 
j]Ianes, immersed in the fluid, the planes tend to approach each other. 
It b for this reason that two small vessels of glass, floating on mer- 
cury or water, tend to come tt^ether whenever they are placed near 
to each other. 

271. All these olrcumstances prove that an attraction existd 
between glass and water, and between certain other solid and 
fiuid bodies. In others, as between mercury and glass, there is 
an apparent repulsion. If, however, a small globule of mer- 
cury be placed upon dry paper, and then touched with a tube of 
glass, the mercury will adhere to the glass, and may, by means of 
it, be lifted Irom the paper. 

Ab this e;tperiment shows there is no actual repulsion between mercury 
and glass, philosopher* infer that the reason mercury Is depressed in 
capillary tubes is, that its particles have an attraction for each other, 
much more powerful than tliey have for the particles of the glass. 

272. The attraction of cohesion is also observed between 
solid bodies ; but they must be brought iiito close contact with 
each other ; in other cases, they ma^ be made to adhere closely 
by the intervention of a fluid. 



^ On thb last principle, we can explain the process of soldering metals. 
nS- The sphere of the attraaion oi co\w*\o.-a.S^ isffissfessJs.' 
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MECHANICS. 
I SECTION FOURTH.— HYDRODYNAMICS. 

OF TBK MOTION OF FLDIDS. 



which descends perpendicularly downwards. Every particle i 
therefore supposed to descend in a vertical line. Upon this hypo-  
diesis, 



'The investigation of the laws that govern the motion of fluids isattend- 
ed with difficulty, in consequence of our ignorance of tlie nature of 
the particles of which this species of bodies is composed, and of the 
uunner in which the; act upon each other. We are in consequence 
compelled to deduce the fundamental proposition of Hydrodyn^^J 
mics bom an hypothesis. 

This hypothesis considers a mass of fluid to be contained in t 

whose sides and bottom are indefinitely thin ; anoriUceis suppos- 
ed to be pierced in the bottoin or side of this vessel, dirough which 
tthe fluid is propelled by the Action of its gravity ; we then assume 
I that the fluid is divided into a number of horizontal lamince, each of 
276. The velocity with which a fluid issues from a very small 
orifice, pierced in the side or bottom of a vessel, is the same that 
a heavy body would acquire in falling through tlie perpendicular 
altitude of the surface of the fluid above the level of the orifice. 
BossuT, Hi/drodynami<i«,e, ^ 218. 

If ^ be 33|- feet, A the altitude of the fluid, and v the velocity : 

De Buat, Hydranlique, § 

^^L- if the vessel be of such a figure, and the orifice so placed that the fluid'-l 
^K' Riay spout directly upwards, it will rise to the level of the surface otM 
^K the fluid in the vessel. 

^^t'lf the vessel be kept constantly full, and if a be the area of the oriflce^^^ 
^^E the time of discharge, g and A asbftfore', g,^«e^!Si»i*S3 Sg^Jg 
^^r may he found bv the equalio 
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!f-at y/2gh 
if ( = ] second 

J = o ^2gh 
hence, 



^2gh 



Aad became v =: ^ igh,ihe quuttt; of fluid diacharged in a given 
time, is equal to the contenta of a cylinder or prism, whose base is equal 
to the area of the orifice, and vhose altitude b equal to the space that 
would be described in that time, with the velocity doe to the height 
of the fluid. 

If orifices be pierced in the side of the vessel st diflerent dtitndA, the 
vdodties and quantities discharged are as the square roots ctf the 
depths of the orifices beneath the >ur&ee of the fluid. 

277. If a vessel be permitted to empty itself through an orifice 
jnerced in die side or bottom, tlie velocity nith wliich the fluid 
is discharged is uniformly retarded. The time in which it will 
empty itself is double that iii which an equal quantity of fluid 
WOtlld be discharged from an equal and similarly situated orifice 
in ao equal and similar vessel ; and the quantides discharged 
decrease in equal times as the series of odd numbers. 

Upon this last principle the Clepsy tra or water clock may be construct- 
ed J tbu'-, if the'fluid coni^ots of a prismatic vessel that dischai^s 
itself in 12 hours, be liivided into 144 equal parts; ^3 of these will 
I flow out during the first hour, 21 during the second, and so on. 

278. Ifa fluid issue through a horizontal or oblique orifice, in the 
Bide of a vessel that is kept constantly full, it will describe a pa- 
rabola in a vertical plane, passing through the asis of the orifice, 
and whose directrix is the intersectioo of this plane with the sbt- 
fy.ce of the fluid jB-oduced. 

^is is a necessary consequence of the theory of projectiles, ', 
in Section 1. 

279. If a vessel be filled with water, and placed upon a I 
ane^ and if, upon the altitude of the fluid as a di 
■ciibe the circle, the distance to whicVv v.\i« &wi 
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l-felong the horiEODta) plane, from a horimnta) orifice pierced in 
r die side of ihe vessel, isproportionedto the ordinate of [he curve, 
I drawn dirough that point. 

If the orifice be at the centre of the circle, the honEonial range will be 
the greatest possible ; and at equal distances above and below the 
centre, the ranges will be equal. 



IF THE DISCHARGE OF Lt^ITIDS THROUCH OBIFICES AND PIFES. 

When the forcing theory is submitted lo the test of experiment, it is 
not found lo agree exactly with observation, for, 

360. When a liqiud descends ui a vessel towards an orifice, pier- 
1 its bottom, the thread of fluid immediately above the centre 
r the orifice, is the only one that descends perpendicularly. 
 Other portions of the liquid describe cuned lines, and reach the 
Forifice in directions approaching more or less to horizontal, la 
I the same manner there is a deviation from the right line direc- 
L tion when a fluid approaches au oriiice in the side of a vessel. 

This motion may be rendered evident, by throwing powders into the 
fluid whose specific gravityisalitilegreaterthan its own. Bossitt, 
§ 312. 

2S1. The section of ajet that issues from an orifice, does not 
mtinue of the same magnitude with the area of the orifice, bnt 

B contracted. The actual discharge is not in consequence equal 

that which is deduced from the hypotliesis. 

Sir Isaac Newton first discovered a contraction in the jet, and thought 
it to be in the proportion of 5 to 7, or as the square roots of 1 and 2. 
If it were of this amount, the quantity discharged might be represent- 
ed by a ^ gh. From tliis, h was erroneously concluded, that the 
Telocity was due not to the height of the fluid, but only to its half. 
This is not the case, for the decreiise is in the area of the vein, and 
not in its velocity, 

^,283. The narrowest part of Uw jet \^ CTa«Si.'«lftft V «,■(*». ^wr 
; its distance from the oTvfece. a* Acv-xwonsft. Nv^ ^^^fll 



< 
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periments of Bossut, is equal to the radius (rf'the or^ce, and its 
area is to that of the orifice, as 62 to 100, or as 5 to 8. Bossur, 
§ 369. ' 

283. Beyond the vena contracta, the fluid again spreads in 
the form of a firustum of a cone, the angle of whose vertex is 32^< 

284. From the researches of Bossut, the following deduc- 
tions are obtained, with regard to the discharge of fluids, from 
vessels kept comftantly full. 

(1) The actual discharges are less than the theoretic in the proportion 
of 62 to 100, but are nearly proportioned to the square roots of the 
depths of the fluid. Bossut, § 355. 

(2) If the altitude of the fluid be constant, but the area of the oriflce 
variable, the discharges are nearly proportioned to the areas of the 
orifices. Bossut, ^ 354. 

(3) In general, the quantities discharged, during a ^ven time, diitM^gh 
difierent orifices, and at different depths, are nearly in the compounid 
ratio of the areas of the orifices and the square roots of the depths. 
Bossut, § 356. 

(4) These laws are not exactly, but only nearly true, in consequence 
of friction. To this cause it is owing, that snmll apertures dis- 
charge rather less than the calculated quantity ; and that in orifices 
of equal areas, but difierent figures, those with the smallest circum- 
ferences will, under the same circumstances, discharge the greatest 
quantity of fluid. 

285. If the fluid, instead of passing through an aperture pier- 
ced in a thin plate, be made to pass through a tube or adjutage^ 
the discharge will be much increased. If the tube be cylindri- 
cal, and of the same diameter with the orifice, the h3rpothetical 
discharge, the discharge through an additional tube, and tbe dis- 
charge through a thin plate, are to one another as the numbers 
16, 13 and 10. Bossut, § 384. 

Other adjutages are attended with difierent degrees of advantage. A 
fiill set of experiments has been madeupon them^ by Plx^sssof y«l|H> 
tun. iSeeCAVALLo'sPM*fo«opfcj^,\ol.II.dn»^.T* 
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From tbem it appears, that where water is to be adaiilted from a reser- 
voir intoa pipe, through which it is to discharge itsell, the part of the 
 P'P^ adjacent to the reservoir should be made of the form of the veiM 
contracta ; while the opposiie extremity of ihe pipe should be also 
conical, its sides diverge from the axis at angles of 16°. 

2B6. When a prismatic, or cylindrical vessel, is permitted to 
I empty itself through an orifice ; if the quantity that would be 
I discharged in a given time be calculated upon the hypothesis in 
) section 276, and reduced in the proportion of 5 to 8 ; it will 
afford results that will be accurate, until the fiuid shall have de- 
scended nearly to the bottom ; at tliis time a funnel shaped cavity 
s formed at the surface, and a whirling motion lakes place, 
that renders the discrepancy still greater ; for this no adequate 
correction has yet been found. Bossut, ^ 433. 

On this account, in the clepsydra, no dependence can be placed on the 
regularity of the discharge of the last portion of fluid. 



OF SPOUTING FLUIDS. 

287. A jet of fluid whose direction is pe rpen die ulai-ly upwards, 
should, according to theory, rise to the same height with the sur- 
face of the mass contained in the reservoir. This is far from 
being the case in practice; for the rising fluid is subject to the 

^ action of several retarding forces, 
1 The most obvious of these are the friction on the sides of the 
orifice, and the resistance of the air. But the particles of the 
fluid have, in addition, to push before them the particles that 
have preceded them whose velocity is diminished, and to overcome 
the resistance of those that after having risen to the height of the 
jet, and lost their whole initial velocity, are again descending. 

It is evident that there must be a limit both to the diameter and the al- 
titude of the jet. Cavallo states ihc former to be 14 inches, llielat- 
T IQO feet. 
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thai JB constant. Tlie mean velocity of the currentis that whi^ 
multiplied by each point in the section of the bed, gives a pro- 
duct that is equal to the sum of the products of each poiol, in 
the section, into its own velocity. Du Buat, § 64. 



295. Tlie relation between V the mean velocity, u the velo- 
city at the surface, and U the velocity at bottom, may be 
pressed by the following equations, vie. 



U 



= (>/"- 

(v/V- 



+ 0.25 = ( ^ U + .5) ' -H 0.2:' 
= ( v' V— 0.25— 0.5) 2 
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In order to facililate the calculation, by means of these Ibmiula, Du 
Buat has constructed a table, by means of which v and U may be 
found when V is knovm. See Du Buat, § 65. 

The velocity at the surface of a stream, in aii open cliannel, may be 
found by means of an instrument invented by Pilot, and called after 
his name, Pilot's lube ; for a description, See Du Buat, § 572, 
and BossuT, ^ 65?. 

Another and better instrument has been contrived by Gauthey. See 
his Memoirei, Vol. UI. 

396. When the channel in which a fluid runs is not straight, 
the resistance to its motion is increased ; when the channel is 
composed of a number of straight parts joined by elbows, the 
increase of tlie resistance may be calculated on the following 
principles. 

(1) Theresistanceeausedby elbows in the channel, increases with the 

square of the velocity of the fluid. 

(2) It is proportioned to the square of the sine of the complement of 
the angle, that the prolongations of the parU of the channel make 
with each other, provided it do not exceed S&° ; beyond this limit, 




(3) In the same channelj tlie resistance increases with the number of 
in Us course. DdBuat, ^ lO^i. ^^_ 



0/ River,. 

29T, Rivers are nutural chanuels, through which the wi 
proceeding front springs, ur from the rain that falls Kod runs 
over the surface of the ground, is conveyed to the sea. 

The beds of rivers appear to have been formed by natural causes. 
operating for a long series of years, and we generally find them in 
a permanent state, subject neither lo increase or diminution, except 
within limits that do not affect ihe magnitude of their channels, or 
the stability of their banks. The tendency of nHture, lo produce 
an equilibriuiD among active and passive forces, is no where more 
strongly marked, than in thecase of the beds of rivers ; for we find that 
a river always runs overground exactly suited to the velocity of its 
current. Thus, where it is very rapid, the bottom is solid rock, as 
the rapidity diminishes, we find large rolled stones, then gravel, 
sand, and lastly mud and clay. The water, by its own action, car- 
ries off (he finer pari icies from those places where itismost rapid, to 
deposit them where it is less so. 

It somedmes happens, however, that a river is not in train, or that it is 
subject to a periodical increase of its waters ; and owing to either of 
these causes, it may be a source of ruin and devastation to its bor- 
ders, instead of being their ornament, the vehicle of their com- 
merce, and the cause of their fertility. In such cases, we must call 
in the aid of art, and art can only be successful, by copying the 
means that nature has herself made use of, in similar cases : For 



298. When a river that occasionally overflows its banks has 
many sinuosities, as we know that the velocity and consequent 
discharge wilt be increased with the quantitity 5 ; we may cut 
through a number of the points, and thus, by shortening the 
course, render the rapidity and consequent discharge greater. 



299, When this will not suffice, or is inapplicable, we erect 
£kes, thus imitating the course of nature, in which we alway 
find the banks of those rivers that are subject to inimdations highi 
than the surrounding coouti;. 



;her J 



Ovtlhies of ^aiurfiT. Phitosophi/- 

300. One of the most important purposfjs to which rivera arc 
Subservient, is that of navigation. Some rivers are to be found 
fitted for this purpose without any aid from art ; but there are also 
many, where the intervention of human ingenuity is necessary 
to overcome certain obstacles, or obviate difficulties thai na- 
turally ejpBt. 



I 
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(1) Streams running in mountainous countries, freriuenily pass ab- 
ruptly from one level to another, forming FalU. 

(2) Their beds are often traversed by rocks, or other sinita, too hard 
to be removed by the action of their current ; in this case, an accumu- 
lation of water lakes place above the obstacle, until the quantity j 
becomes sufficiently great to cause a change in ihe velocity sufficient 
to discharge the whole stream. Such obstacles are called Rapid». 

(3) Rivers, in descending from a mountainous country, carry with tbem 
large quantities of sand, gravel, Sg-c. ; when ihey reach the plains, 
this is deposited ; the stream spreads itself over a great extent of 
ground, and becomes too shallow for navigation. 

f4) Where a river meets the waters of the ocean, h is affected by 
then: tides, and at the alternation of ebb and flow, it becomes for u 
short space of time absolutely quiescent. At this moment it will 
deposit any remains of earthy matter it may carry with it, and thus 
form a bar at the mouth, or even islands. In process of time these 
islands increase in magnitude, and iinally join tlie main land. la 
this way the deltas of rivers are formed, of which we have instances 
in the Nile, the Mississippi, &c- The latter river, in the short space 
of tune that has elapsed since its first discovery, has extended a de- 
posit 50 miles into the Gulf of Mexico. 

(5) A river may be unobslrucled, and deeji enough for ihe purposes of 
navigation, but so rapid as not to admit of an ascending trade. 

301. Each of these obstacles admits of an appropriate remedy, 
except in cases where its magnitude is beyond the reach of human 
esertion, or where the cost would exceed the value of the benefit. 

(1) Where the navigation of a river is interrupted by a fall, we may 
make a lateral channel or canal, and apply locks or sluices. 

{3') The same remedy may be applied to the case of ri^id?^^^^^^^ 



'" ' inRenOfttCi  

(3) As shallows arise from a diminution of the velocity of the 
they are to be remedied by making it greater ; this is to be done by 
contractine: the dimensiona of the channel. Piers may be built at in- 
tervals, and alternately from each bank ; tbewbole deposit will take 

r place between the pier heads, and the stream will not only mmntain 
its former depth, but will clear itself a deeper channel. 

(4) When a river is of moderate aize, bars at the mouth maybe.re- 
moved upon a similar principle : two piers are to be built into the sea 
trom the two shores, inclining to each other at a small angle, until 
they approach near enough to give the river a velocity in flowing 
through thera that will overcome the action of the tide. 

(5) When a river is too rapid for the ascending trade, dams may be 
built across it at intervals ; the whole of the fall will thus be trans- 
ferred to them ; in each of these dams a gate or sluice is made ; when 
vessels are to descend this is opened, and they pass with great veloci- 
ty ; when the water has run out so far that the upper and lower 
ponds are nearly of the same level, the ascending trade may be 
drawn by main force through the sluice. 

This contrivance, however simjile and nide it may appear, was un- 
known to the a 



In most cases, however, a double sluice, or gates enclosing a chamba- 
called a lock, has now been substituted. It has very great advan- 
tages, even in rivers, over the old sluice ; and without it the canals of 
modem times, that frequently pass through great differences of level, 
would have been impracticable. Sluices of the onginal form are 
used in China, where locks are unknown, and may still be seen in 
Italy, in Flanders, and in Holland, where there is no great change 
between the levels of continuous navigable waters, whether natural or 
artificial. 

Of Canals. 

302. Navigable Canals are sometitnes made use of, "ks has 
been already stated, to form a communication between different 
levels of a stream, whose navigation is interrupted by falls ; at 
other times, they are formed along the bank of rapid rivers, as 
the least expensive mode of improving their navigation ; al 
others they receive the waters of a n3.\iga)o\& w.T«-jkia^ *sA. "yaw- 
•TCy its traife fo one whose leveWs Iqvjct -, oT,feQa!i."Si'^'='^ '^***^ 
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be made ciianiiels of coiiiniuukation between navigations that 
are lower than the canaU themselves. 

Canals were coustructed by several of llie ancient nations ; but as they 
were ignorant of tlie use of sluices and luclu, they were confined to 
plain countries, and were carried along the same level for their 
whole course. Those whicli are carried over levels higher ijian 
either of the streams with which ihey communicate, and thai receive 
their waters from feeders and reservoirs, at their summit level, are 
justly considered among tlie noblest triumphs of human genitis. 
Sluices were invented in the 1 1 th century, and the lirst are supp« 
to have been erected on the canal of Martizana in Italy. 

303. A lock is a chamber, interposed between two contigu- 
ous levels of a natural or artidcial navigation ; it is enclosed on 
the lower side by a gate, and its bottom Is on a level with the 
bottom of the lower part of the canal ; on the upper side, it is 
enclosed by a wall rising to the height of the bottom of the 
upper level, and this is surmounted by a gate. The opening or 
shutting of tliese two gates, establishes orcuts ofl' the communi- 
cation with either level at will. When a boat isto rise from the 
lower level, the lock, if full, is emptied ; die boat is then intro- 
duced into the basin, atid the lower gate closed behind it ; water 
is now admitted tlirough channels contrived for the purpose in 
the walls, or by wickets in the upper gale ; when it shall have 
risen to a level with the upper portion of die navigation, the 
upper gate is opened, and the boat is drawn forwards. 

The size of a lock will depend upon tlie magnitude of the navigation, 
and the size of the vessels that are used upon it. Where the boats 
are not intended for any otlier purpose than the navigation of the 
canal itself, those wliich arc drawn by a single horse are the most 
economical ; a lock for the passage of these need not exceed 60 
feet in length, and j in breadth. The locks on the great canal in 
the state of New-Vork, a»e yo feet long, and IC feet wide ; the 
canal itself b 4 feet deep. 

Canals should be at least a foot deeper than the greatest draught of 
water of the vessels intended to navigate them. Tliis will give 
room for partial deposits of mud, allow for evaporation and waste, 
ihat it may not be possible to aupplii instant aneousty ; and what^j^_ 



a well planned canal, is of more importance, will do away a resist- 
ance analc^oLia tu friction, that becomes very visible, when boats 
nearly fill up the channel in which they move, 

a locks of the above dimensions, the upper gate may be inade in a 
single leaf, but in lai^er locks, the upper gates are made of f 
parts, and so are the lower gates in all cases. By making the gates 
to fold, t1)e two parts meeting at an angle, whose vertex is opposed 
to the accumulation of fluid, great additional strength is obtained. 

There is an analytic investigation of the proper angle, at which the 
gates of a sluice should meet each other, to be found in the second 
Vol. of the American edition of Button's Course. It does n 
ever, appear to carry conviction with it. The best engineers make 
the vertex of the angle to project towards the head of water, from ' 
^ to I of the whole breadth of the lock. Gautuey, Memoiretf T 
Vol. m. 

The fall of a single lock should not exceed 10 feet ; where tiie change 
oflevelbgreater than this, it sliould be divided among two or more 
locLs. The limit to the height of a lock, is found in the additional 
expense of construction in masonry and wood, and the greater risk 
of destruction in deep, than in shallow loclu; the thickness of a 
;' wall that will sustain the pressure of a given head of water,is equal 
J to half the depth of the water. Gauthev, Vol. III. 

'For the dimensions of the timber of the gates, in order to resist ff.vea 
pressures. See Gal'thby, Vol. Ill, p. 75, et seq. 

Deep locks also cause a much greater expenditure of water, than 
. where the whole fall iii divided among several ; for tins reason, 

where circumstances have compelled engineers to make use of a single 
^, lock, ihey have endeavoured to save the water by several ingenious 

contrivances. For a lock of this description, See BKLinoB, Vol. IV. 

. Wherever it is posMble, a good en^neer will endeavour to make all 
I ' his locks of nearly eqnal fall. Or a better rule is, (bat they shall di- 
mmish in depth in a small degree, as they recede from the point 
where the supply of water is admitted. Where an additional sup- 
ply of water is brought in at a lower level, the locks may again be 
I constructed of the maxunum depth. By an attention to this nde, 
the water used in the first lock will carry a boat from the highest to 
t the lowest level, without requiring any increase, qs tese^n^ "i^ 
, general depth of the canal. Gk\it«t.n,"Vo\. W.  
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Locks of the fall or S feet, shmtld never bf placed nearer to each fl 
than from 1 to 200 yards, (according to llieir superficial dimensiotii,) 
iinlesa the width of the intennediaie canal be proportionably in- 
creased. Where they are nearer than this to one another, they cause 
a very great waxte of water. 

Where locks are 200 yards apart, and the boats pass upwards ud 
downwards alternately, each boat will require so more than a single 
lock-fuU of water ; where ihey are at the same distance, and the boats 
follow each other, the ejipeptliiure will he equal lo two loclu tat 
each boat ; the nearer the locks are biouglii to each other, the 
greater will be the expenditure, until when they are adjacent, and 
the lower gate of one lock forms the upper gate of the nexl, the ex- 
penditure in boats passing alternately upwards and downwards, will 
be equal for two boats to the fall of as many locks as are combined 
in the system. Gauthkv, Vol. III. 

K want of attention to this last circumstance, has led niany engineers 
into great errors. For it has been usual lo combine as many locks 
together, at one place, as possible, and yet, in calculation, no more 
than two locks of water have been allowed for each boat. 

304. One of the chief difficulties which attends the construction 
ofa canal, is that of procuring an ample supply of water for the pur- 
pose of lockage, and to meet the waste occasioned by leakage, 
and by evaporation from the surface. 

The quantity of evaporation is about 3 feel per annum ; the leakage 
will depend upon the nature of the banks, and the lockage on the 
number of boats that ascend and descend, and a more or less fa- 
vourable construction and location of the locks. It is usual in Canal 
estimates to allow twiceas much water for leakage as for evaporation. 

305. Where the canal, from its superior elevation, or from any 
other cause, cannot be furnished with water from either of the 
navigations in which it terminates ; Feeders must be drawn from 
some source, either aatura] or artificial. 

The quantity of water that a given feeder wiil furnish, or the magni- 
tude and slope of a feeder, that will furnish a required quantity of 
ivater, maybe calculated by «n applicatiivn oi 'Obe SwravAii oS "Ovifevw. 
Ci'vcji at ^ S9S. ""l^H 



I 



Meckanics. 

30G, Where tbere are no sufficient natural sources of s 
or where they are subject to failure at certain seasons of the year, 
Reservoirs are constructed ; in these the waters of springs, small 
streams, ike. that would otherwise run to waste, are collected in 
the first case ; and in the second the excessive supply of some 
seasons is treasured up against a time of drought. 

Reservoirs are also of use to receive the water of rivers, &c. before it 
is delivered into a canal, itnd retain it unti9 it shall have de- 
posited the mud and sedunent wliich tliey have carried with ihcm. 
It is estremely injurious to a canal to permit water to be introduced 
into it, until it shall have undergone this process of purification. 



307. For the same reason, where a stream intersects the course 
of a canal, and their several waters are nearly at the same level ; 
instead of admitting it into the canal, it is often necessary to 
carry it beneath its bed ; this is done by means of a contrivance 
called a culvert. Belidor, Vol. IV, 

308. When the level of the intersecting stream is higher than 
that of the canal, it may be carried over it, by means of an 
aqueduct bridge ; in like manner, if the level of the canal be 
the highest, a similar bridge may be used to support its waters. 

Some of these aqueduct bridges cross streams of considerable size. 
In the case of the Duke of Bridgewater's canal, that crosses the 
Irwell, near Manchester, vessels may be seen navigating the river 
and the aqueduct at the same moment ; one passing directly over 
the course of the other. 

Cast iron has, of late years, be e I n Oreat-Briiain, for ihe con- 
struction of aqueducts, and I m h a 1 'aniage. The most 
magnificent work of this so s tl o ElJe mere canal, in the vale 
of Llangollen, in Wales. 

It has also been proposed to use the same material in locks. 



I 
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309. Where feeders, or adventitioua supplies, bring into a 
canal more water tlian can be used, H^ofite-^ale* ak&svVs; ^q^w,.- 
rd a( intervals along it, and in pHtes iiVTOce vVe *>^'*''^^^ 

id loaj be readily earned oS, eVJg5^;t ^"[^^JJ"' *■ 

'OL. I. W 
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thannels. A waste-gate \i a wedge-shaped moimdy whose edge 13 
at the level, where the water in the canal should slatid. 
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310. There are countries where water is not to be fotilid m 
quantities sufficient for the supply of the locks of a caaal. Various 
contrivances have been proposed to meet this difficulty | unmig 
them, may be mentioned the hydraulic locks of Betancourt ; the in- 
clined plane, and the perpendicular lift. See Lesage, RecueU 
des Memoires. Rees' Cyclopttdia. Fulton on Inland Navi- 
gation. Repertory of Arts, Vol. I and II. 

Of the Motion of Water in Pipes. 

311. Where a pipe is adapted to a reservoir of water, the 
fluid will fill and flow through it, whatever be its figure or the 
number of its sinuosities, provided no part of the pipe is higher 
than the level of the water in the reservoir. 

312. Where the water from a reservoir is conveyed in long 
horizontal pipes of the same aperture, the discbarges, in equal 
times, are nearly in the inverse ratio of the square ropta of the 
lengths. PbAYrAiR, § 285. 

313. The principle of Du Buat, that we have seen appli^ to 
rivers and canals, also holds good with regard to conduit p^es, 
viz. The sum of all the retarding forces is equal to the acce- 
lerating force. By the application of this principle, w:e obtain 
a solution of the two chief problems of the motion of water. 

(1) To determine the discharge from a conduit pipe, where the height 
of the reservoir and the diameter of the pipe are given ; we have, as 
before : 

307{y/r — 6A) 
V = 0.3 ( V r — 0.1) 

•y/b — L^b+i.e 

and V the mean - ' .city being given, the quantity is found by: mi^*. 
dplyiDg it by the area of the tube. 






la this equation^ the value iih Is deterruilked \>;j d^wi&vi ^^^ 



the pipe by /;, a lictilinus hriglii of ihe r 

true. If tlie meaii velocily ><, calculated by llii; 



n little less than the 
liypoihesis, is s 



/i H = II the true liejght. 

~g 

ivc shall have calculated the tnie mean velocity ; but if this is not 
the case, we assume another value for A, until, by repeated trials, we 
sljall find a number ihat will answer the purpose. DuBuat, ^ 228. 

If the pipe has a number of sinuosities, the angles of which are known, 
the resistance that each ofiers may be found by the Ibrmula 



where o is die supplement of the angle formed | by the parts of the 
pipe I at I the bend. Du Buat, ^ 229. 



jf3) To determine the diameter of a pipe iliat will discharge a givei 



leiijrtli and the height of the reservoir 



If r be the mean depth, equal to half the rddius, the give 
; (lie ratio of the circumference of a circle to its diameter 



2(V6- 



h ^ b+ l.G) I 



4^^ -^SOT 



Du Bu^ 



, § 230. 



The motion of water in pipes has of late attracted much attention, : 
consequence of its great importance to the health and comfort of I 
lat^ cities. It is well known that the regularsourcesuf the springs 
and wells that exist in citiesareeitherentirelycutof, or contaminated 
by such impurities as render them offensive and unwholesome, fio 
other resource remama but to draw supplies of water from a distance. 
The ancieutseffectedthisbj means o( ciYft'(va!^i;AvvA&-,'i«^asAK^^t'^ 
wiiere iJie distance is not great, make use o^ ^\^e&-,-«\\'«<i'i»s^ &»»*s«Rfc 
IS great, the main streeun is brow^U"mMvao,\«£d>\t\., ^jsA-iafcii-^*^^ 
miion e/Tecled by pipes. ^^H 
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314. Conduit pipes are liable to be obBtrocted by lodgments 
of airin the upper sinuosities of the tubes, and by deposits of se- 
diment at the lower ones. The first of these is prevented by a 
valve that floats on water, and is thus kept closed while the pipe 
is filled with that fluid, but falls and opens as soon as air lodges, 
permitting it to escape, followed by the water that raises and 
closes the valve. Deposits of sediment in the pipe itself are pre- 
vented by making its lower part communicate with an air tigfat 
box ; this receives the sediment, and when full it is renoVed and 
emptied. , 



OF THE PERCUSSION AND BESISTANCE OF FLITIDS. 

315. The several circumstances of the percussion of flmds 
against planes may be represented by the followii^ formulae : 

f = m. a. tt^ o' sin' i or 

Where / is the force with which the fluid strikes, m a constant 
co-efficient, determined by experiment m the case of water, * the 
specific gravity of the fluid, v its velocity, h the height due to 
that velocity, g the measure of the force of gravity, and. i the 
angle of die inclination of the plane to the course of the fluid. 
BosscT, § 719, etseq. 

AVhere the extent of the plane is indefinite nt = 1 ; where the extent 
of the plane is not greater than that of the section, tliestreamm = 4- 

In introducing a into the, fwmula, regard is had merely to the mcrtia of 
tha particlea ; there n, however, a cause of error arising from the 
different cohesive force of the particles of different fluids ; but it is 
only perceived in slow molions, and is veiy small, except where the 
fluid under consideration has much viscidity. PLAVFAUt, ^ 293. 

Experiment has shown that the force dots not vary in the ratio of 
Jin »»^ except where theanglet is between GO" and 90°. Bossut found 
that when a prow ynf 1\m formof awedge,>sdva'Nvv'i\wcni^-a.ftii\4,M 
the retiatance to-ita tmse, ^ 10,000, \.h« tesiaYante Xo vVe ^«4 
telfwaibe 



Mechanics. 



10.000 COS. '(" + 3.103 ( — ) 



Playpair, § 294. 



316. If the plane struck by the stream, be itself in motioii,-V 
mpuise is as the squave of the difference of their velocitieB. I 



If ihc fluid be at rest, and the plane alone in motion, the re- I 
sistance is as the scjuare of the velocitj of the plane. 



Hence it would appear, that the resistance of a fluid to a body in mo- ^ 
tion, is the same with the percussion of a fluid moving with the 
same velocity against a body at rest ; but although this is founded 
on reasoning very evident, it does not agree with the fact, for the 
resistance is less than the percussion in the proportion of 5 to 6. 
Playfair supposes this difference to arise from the action of ihe fluid 
on the binder part of the body moving through it, by which the re- 
sistance is in some measure counteracted. It is, however, the abso- 
lute quantity, and not the ratios of the resistances ihat are affected, ^ 
for they are still among one another, as the squaresof the velocities. 
Playfair, % 293. 

r 317. Snpposing the resistance to oblique surfaces to vt 
Hnth the square of the sum of the angle of inclination ; the 
sistance to a cylinder, placed vertically in a stream, is two thirds 
of that which would be encountered by the plane, which is its 
section ; and the resistance to a hemisphere, is eqsal to one 
half of that opposed to a circular plane of the same diameter. 
BossL'T, ^ 734, § 735. 
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TlON OP WAVES. 
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318. Where pressure is applied to any portion of the surface 
'of a liquid, the column pressed upon is shortened, and sinks ' 

below the natural level of the surface ; wUUe \.\vfe tQ\i<.\^iisiNia 
columns rise above that level, A.s sooiv »% \NYe\-a.%x\vaNa ■»s.-&s&»^ 
a certain height, they fall and sink beAovj -One \va.w«'^^'^^'='\*^*'. 
B&^ce, raising not only the first. cc»Vvra\w.\i>A co'vaKwa^"^'^ 
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similar motion to those which are contiguous to them on the 
Opposite side. These, again, communicate a similar oscillatory 
motion to columns situated beyond them, and thus the impulse 
is propagated over a wide expanse, but decreasing as it recedes 
from the place where the action first began. 

The alternate elevations and depressions thus produced, are called 
waves. 

In the propagation of waves, there is not necessarily any pi:qgres8ive 
motion in the fluid itself. 

319. Newton compared' the motion of waves to the oscilla- 
tions of a bent tube, whose branches were vertical ; and upon 
this principle deduced expressions for the velocity of waves, and 
the time of an undulation. 

The time of an undulation, is the time from the wave being highest at 
any point, until it is highest at that point again ; the velocity of a 
wave is the rate at which the points of greatest elevation change their 
position. 

- 320. The time of ^the oscillation of a fluid in a bent tube, is 
equal to the time of the vibration of a cycloidal pendulum, 
whose length is half the length of the column of fluid* Poisson, 
§ 559. ' . 

If a bethe altitude of a wave, h half the breadth,^ the circumference 
of a dnite whose diameter is one, the time of an undulation is 

V 

p h - 

-{a+h) 
8 

and the space which a wave appears to pass over in a second, is 

86 



1 

o 



pia+h) 

Playfair, § 298, 

321. Where a wave meets an obstaide \xV&T<Aft«;\fc^',*iS.i8ftfc ^Jc^ 
' stacle is a vertical plspie, the Teflecl^i|j;|^ V^^^^ Va ^^«x>s«i^ sif^r 
^aves similar to those which wou\dh««%WsatedL\v^^'«i«^«i^ 



inot been Interposed, but in an opposite direction. If the obstaciel 
n opening in it, a series of waves proceeds from tliat open-'l 
bg, in tlie rorm of concentric circles. 

Where two or more series of waves cross each other, they do il ■. 
ritliout confusion. 

Where twoseries of waves cross eacli other, the greatest altitude of the 
ridges is equal to the sum of ihe altitudes that would have been pro- 
duced by each separately, and the depression of tlie hollows or trough 
IS increased in like manner. 

Hence, where a wave is reflected by a vertical obstacle, the water . 
higher immediately againat the obstacle than in any other place. 

Where theoriginal impulse, instead of ceasing to act, continues to exert 
its force, one series of waves is raised after another, and in crossing 
each other, the altitudes are continually increased ; we may thus ac' 
count for the great height to which waves are sometimes raised by 
e of violentwinds. 



ougb ^^ 



322. The action of the wind npon water may be much lessen- 
ed by interposing a viscid fluid between them. Oil spilt upon 
the surface of water, spreads over it to a great distance, and it is 
found that, by preventing the succession of new impulses, it 

t tends to still the waves. See Franklin, Works, Vol. III. 
^ 333. Where the depth of water is so great, that the oscillatinn 
proceeds without being disturbed, its columns, that form tlie 
waves, have no progressive niotiou, but each is kept in its place 
by the hydrostatic pressure of the contiguous columns. But if 
an inclined obstacle be presented to them, such as a rock, or 
beach, the columns of water in the deeper part are no longer 
halanced by those in the shallower, and therefore acquire a pro- 

tessive motion.  

; 



4 
i 



In this manner breakers and surf hue foriiied ; and hi'nce the wave^S 
break aud dash against the shore, whatever he \W fcss'^'wwv »A *aK 
wind. Pi-AVFAiK, f)2i)9. 
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OF THE MOTION OF ELASTIC FLUIDS. 

The general hypothesis, by means of which the theory of the motion 
of fluids is investigated, is applicable to elastic as well as non-ebsdc 
fluids. Of elastic fluids, that whose motion is most importaaty is 
the air of the atmosphere. 

324. Air will rush into a vacuum at the surface of the earth, 
with the velocity a heavy body would acquire in fallmg thfOHgh 
the height of a homogeneous atmosphere. 

If V be this velocity, H the height of a homogeneous atmosphere, 

V = 8 VH 

if H = 26000 feet 

V = 1328 feet. 

325. The velocity with which air rushes from a vessel into 
one exhausted of air, is uniformly retarded, and becomes 0, when 
the air in the two vessels becomes of equal density. 

OF THE WINDS. 

326. Where the air of the atmosphere is in motion, its currents 
are called Winds, The principal cause of the winds, is the dis- 
turbance of the equilibrium of the atmosphere by the miequal 
4iistribution-K>f heat. 

This unequal distribution of heat, is partly due to the figure 
of the earth and its circumambient atmosphere, partly to the 
alternation of seasons caused by the obliquity of the equator, 
and partly to local causes. 

(1) The mXensiiy of the sun's rays is as the quantity that falls on any 
givea space y hence, if a small pordon. oi tSaft e«x\fe?ft vosW^ V»^ ««l- . 
sidered as a plane, the intemnty o£ the «imo?% toj^ vfiiXsfe «k ^^ «Bfc 

of the mn^s altitude above the bttrnon* TVi«» ^\^^^ ^•^te«fc^^ 



s 



MeekanUi. 1^ 

ma IS vt-Ttical, are of course most heated. Tlie atmosphere bdng a 
spherical shell concentric with the earth, the rays of the sun n 
pass through it for a. greater distance when they fall obliquely, i 
a greater quantity must be lost and dispersed by refraction andn 

flection. 

(2) The raeridian altitude of the sun above the horizon, ii 

same two days successively at the same place; the difference in the J 
heat received from the sun at any given place, on dlflerent days, i 
(herefore great. According to Prevost, the proportion between the 1 
quantities of heat that reach the surface of the earth, at Geneva, in 
July and December, are as 7" or 8 to I. Young, ^ 56. 

The earth does not appear lo grow either warmer or cotter ; tlie 
whole of tho heat, therefore, which is received by the earth, radiates 
from it agam. In summer, any given portion of the earth receives 
more heat than it radiates, and hence there is an accumulation of 
heat afler the solstice ; this does not reach its maximum until about 
a month later. The maximum of cold is, for the converse reason, 
a month later than the winter solstice. 

i(3) The temperature of any particular jilace, and even of whole coun- ^H 

tries, is aflccled by the vicinity of seas, great lakes, mountains, mo- ^H 

rasses, forests, and by the greater or less degree of cultivation ^| 
it exhibits. 

ieas and great takes are more slowly heated than the surface of the 
earth ; for the rays of the sun are not absorbed by the upper strata, 
but pass ihrpugh, and are not entirely lost until they reach a great 
depth ; iht? heat derived from the sun is therefore distributed through- 
out Ihe whole mass. They are likewise more slowly cooled by 
radiation ; for when the upper stratum has given out its heat by 
radiation, it becomes iieavier than the one immediately beneath, 
and descends to give it the place due to its dilierence of specific 
gravity. 

\3 we rise above the level of the sea, the lieat is found to decrease at 
a rate that is staled by Playfair, as 1° of Faluenlieit for 270 feet. 
On ascending into the atmosphere, therefore, at any latitude, to a 
certain height, we may reach a point where the mean height of the 
thennometer is 32°. This altitude is wtei ■One ^wx^Xo'i Y^t^*^™)^ 
congeiatjon. Itis elevated 15,0QQ fceXsJooNc vVt \cn^^ ^''' '*»"^^ 
at the equator ; and at the lalUud« of ftQ"^ twi mone***-^ ^m,>» *^ 
TJie cause of this diminution of heat, uvV«»**'^° >^^^^^^ 
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diminution in the density of the atmosphere, and the superier ca* 
pacity of rare air for heat. 

High mountains, therefore, affect the climate, and may not only temper 
a warm one, but increase the rigour of a cold one. We find in the 
torrid zone, mountains covered with perpetual snow, and plains 
affected with no greater heat than the most temperate climates^ 

Forests tend to produce cold, by preventing the sun's rays from reach- 
ing the ground. Morasses and small lakes increase the coU of a 
climate, by the absorption of heat the evaporation from dbafar WBBh 
faces causes. 

Cultivation affects the mean temperature, by exponng the ^ur&ced' 
the earth to the rays of the sun. It produces an effect not only on 
the couQ^ where it takes place, but upon those adjacent; t^us,thecli- 
mate of Italy has been influenced by the destruction of the forests of 
ancient Gaul and Germany. 

The mean temperature of some places is affected by anotfi^ came. 
When they are near the line of perpetual congelation, and A>reign 
masses of ice are introduced by any accidental circumstance, they 

> will gradually become colder ; for in the alternations of the one tUe 
oTthe freezing point, heat is suddenly let loose, and radiates to a cBs-- 
tance, while thaw is a slow and gradual process ; the adventitious ice 
will therefore increase rather than diminish. We may in th» wi^ 
account for the accumulation of ice on the shores of Greenlandy the 
consequent change in the climate of Iceland, and the advance of the 
glaciers on the mountains of Switzerland. See P|«atfaiB| ^ SSf, 
et^seq. Leslie, Elements of Geometry, 

The northern hemisphere is found, by observation, to be warmer dian 
the southern ; this is supposed to arise from the greater length of 
tjhe summer on the northern side of the equator ; the interval be- 
tween the vernal and autumnal equinox of the same year, being 7 days 
longer than the interval between the autumnal and the vernal of the 
-succeeding year. 

327. The several winds whose course may be explained upon 
the foregoing principles, may be tfivided into the 
classes : 



\* ' ^ ■• ' 



J, 



\ V 



- ^'^ 



1. The trade winds. 

2. Monsoons. 
;i. Local modifications of these two. 

4. The westerly winds that are found to prevail near the I 
northern and southern limits of the trade winds. 

5. The variable winds of the temperate and frigid xoiies. 
G. Land and sea breeies. 

"he air over that »one of the earth wliicb is most heated by j 
lite solar rays, is expanded, becomes lighter in consequencBi 
and rises ; the adjacent columns, to the north and south, rush in to ] 
supply the place, and thus a current is produced, that, in the ab- 
sence of any other cause, would be Irom the north, on the north 
side of the heated lOne, and from the south, on its south side. 
But in consequence of the rotation of the earth upon its axis, 
another motion is combined with that just mentioned ; for the 
air acquires a velocity corresponding to that of the portion of the 
earth immediately beneath it, and as it comes from a latitude 
where die velocity is less, to one where it is greater, it will have 
an apparent motion in a direciioQ contrary to the diurnal revo- 
lution of tl)e earth, or from east to west ; this motion, combined 
with the other, will make the direction of the trade wind at 
its northern limit, N. E. and at its soiitliern limit, S. E, As it 
approaches towards the zone that is most heated, the velocity 
' from N. to S. and from S. to N. is destroyed by the counteract- 
ing effect of the current flowing in from the opposite direction, 
and the apparent course of the wind becomes due east. 

This is the cause of the trade wind, which, wltli certain exceptions, 
blows continually between the tropics, and even reaches the parallel 
of 30° on both sides of the equator. In summer ii is to be found 
on the coast of America as far north as 32°. 

The Kone whwe the trade wind is due easl, varies but litde, and is at a 
mean on the north side of the equator ; this is owuifr to tlic greater 
heat of the northern hemiapliere. This theory of die trade winds, 
that supposes them to be caused b-j xUc &H\n\\&ia!aCvOT.«*i&s<«'5«i{i., 
faUing back towards the weal,\a tnen\;vouei\i^ >\AV-5 ^'^^^ ""^^^^ 
by him ; it has sincebeenespmi^Ab^ Vt™V\m,\^-9V^V««*^-l- 
fiiir. and is fi.Ilv emilWd to be TeceWeA»» vme •-,''*« ^■«- T 
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plains the phenomena, but is derived from causes that ai*e known 
to exist in nature. Playfair, ^ 410. Franklin, IVorks^ VoL 
m. Laplace, Mechanique Celeste. 

328. When the air has risen over the central zone of the trade 
winds, to a certain height, it there forms a counter current, that 
carries it back from the equator, towards the poles. The gene- 
ral direction of this upper current must incline to the westward. 
The zone of the trade winds being limited by the parallels of 
30^ of north and south latitude, the counter current descends 
to the earth there ; hence we find, that in the north and south 
t'acific, and in the Indian Oceans, westerly winds are almost 

» 

constant between the parallels of 30^ and 40^. 

Not only the trade, but all other winds, are accompanied by cotinter cur- 
rents in the higher regions of the atmosphere ; and the quantity of 
air in those opposite currents is so nearly equal, that the average 
weight of the air, as measured by the barometer, is nearly the same 
at all places on the earth's surface. Playfair, ^410. 

The surface that would s^pwrate two opposite currents of e<pial pres- 
sui«, is elevated about 18,000 feet above the level of the eartii. 
Platfaib, § 412. 

329. The Indian Ocean is bounded by land on the north. 
When the sun is on the north side of the equator, this land is 
more heated than the water, the air adjacent to it riftes, and that 
from the ocean rushes in to supply its place ; but as it conies 
from a portion of the earth, whose velocity of rotation is great- 
er than that it passes over, its apparent direction become^ S. W. 
When the sun returns to the south side of the equator, the. land 
cools, and the regular trade wind from the N. E. again prevails. 

These periodical winds, that are met with in the Indian Ocean, are 
called Monsoons. 

330. Local circumferences produce maiiy remarkable modi- 
fications of the trade winds, and monsoons. Thus, in the gulf 
of Guinea, the wind blows from the south and south west con- 

tmusdly. Thisis explained by supposmglLb^tt\ie^.'lL.\x^^^i^ 
^^er passing the equator, incline^ lowaiAixSa^ Avw, mc^^fe- 
queace of that being much heated by tJhe wj^ o« a itoi^mc^ 



;)i 
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I Adjacent to the region of tliis westerly wind, Is a tract of sea where I 
perpetual calma appear to exist, attended with thuoder, and almostJ 
continual rain. In tliis tract, the counter current of the wind,juKCl 
spoken of, appears to descend again tolhceartli's surface. 

331. The remaining portion of the earth's surface, is t 
seat of variable winds. In it, the changes of temperature are 
more rapid, and subject to less certain laws ; hence, the ciirrenUC 
are less constant in their direction, and of no definite duratiotL.] 
Yet, notwithstanding these irregularities, there is a tendency ii 
most countries to periodical winds. 

In Europe, a north ei 
greej this is supp 
winds. The Elesian wind of the ancients is this, roodiiied by tl 
action of the adjacent countries. 

In the United States, a north east wind is likewise frequently teltJH 
it also arises from the same great cause, and becomtiig^ yearly r 
frequent, during the siunmer months, promises to be the prevailii 
wind of that seaso 

ATemaTkabkcurrent,called the Gulf Stream, is to be found in the At- " 
lantic Ocean, near the coast of the United States ; a constant trade 
wind blowing into the (!ulf of Mexico, raises the water therein 
above the general level, and it discharges itself with great rapidity 
between Cuba anil Cape Florida ; although it spreads, and it 
city diminishes, it continues to be felt as far as the banks of Ne^ 
foundland to the north. This current, drawing "^ supplie; 
tropical regions, is more heated than tlie adjacent ocean ; 
winter is considerably warmer than the land of the Ifnited States ; 
for this reason, a wind is frequently found blowing towards the Gulf 
Stream over the continent of North America. The direction of 
N. W. and it is the prevailing winter wind of our climate. 



I 

r 



s ridge of lofty mountains extends the whole length of both 
Americas; within the zone of the trade winds, the plain of Mexico 
is 8,000 feet above the level of the sea, and the peaks of the ridge 
are more than double that height ; the trade wind, therefore, has not 
a continuous current aroUTid the earth at this ijWcK, Va^ft.'nciJiA'^nsR. 
along the sides of these mountains l.o \.\vft wsriin. ^.-ciii ^jsviSa.,-w«K^'"- 
not impeded in tlie former ofdieae fiwec-ftoti'* ^i'j TO.«ggM> ^^«^;^^ 
JV. W. and N. E. as we Viave iust ex?\?i»«A-, '^^ *^"^ 
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ments of Saussure, it would appear^ that while the temperfttmre 
increases in arithmetical progression, the quantity of ffiois(0e 
it is capable of holding in sc^lution increases in geometrical. 

Hence, if two portions of air, of different temperatures^ and both sa- 
turated with humidity, be mixed together, a precipitation of moisture 
must take place. Playfair, § 419^ ^ 420. 

339. Upon this fact, Dr. Huttcm of Edinburgh was led to 
found a very ingenious theory of the formation of clouds. If 
large portions of the atmosphere, saturated or nearly saturated 
with humidity, be driven against each other by contrary winds, 
he infers that a precipitation of humidity, or the formation of 
clouds, must take place. 

This theory may be illustrated by a geometrical diagram. See PtAY- 
FAIB9 § 420, and 421. Hutton, Dissertations. 

340. Although clouds may be formed, and precipitation ensue, 
at any altitude, yet these phenomena are likely to occur most 
frequently near the plane which separates the two great currents 
spoken of in <§ 328. This stratum of air, elevated about 18,000 
feet above the level of the sea, is hence justly called the region 
of ^he clouds. 

When clouds are formed, they descend by the action of their gravi- 
ty. If in descending, they meet with strata of dry and warm air, 
they are again dissolved and disappear; thus clouds are fre- 
quently seen to roll from the summits, down the sides of mountains^ 
to a certain level, and then disappear. This phenomenon is consi- 
dered by the neighbouring inhabitants as a sign of dry weather. 
When, instead of meeting with dry, they pass through moist 
strata of air, they are no longer absorbed i and as they come from 
high and cold regions of the atmosphere, they absorb heat from the 
iowc^, strata to such an extent as to cause precipitation, and the 
moisture therein contained joins the descending cloud to increase 
die quantity of rain it discharges. For this reason, we often find 
* I the 'same rain more violent in valleys than on the neighbouring 
monntains. 

p^i; jR^ere two masses ofaiT,of Vnt^,\ml«ittetcai\«tts^^ 
kkadxed together, the precipitation \% gt^^tec ii««i^\wa tirtJ 




difference of temperature is 



mixed, alihough the! 
n both cases equal. 



We may in this way account for the great quantity of rain iliat oHen J 
falb in a small space of time in tropical climates ; and for the J 
^ violence of tlie sliowerslhat accompany tliunder gusts in sumn 

342. When precipitation of humidity talies place, where^ 
tlie temperature is lower than the freeiing point, the particles arel 
frozen, and, arranging themselves in crystalline masses, fontt J 
flakes of snow. 



These flaltes sometimes exhibit themselves in the form of s 



t 

^B 343. It has been said, that when drops have once 
 formed, andare aflerwards frozen in their descent, they constitui 
hail. See Playfair, § 429. 

But as hail often takes place iu the narmest weather, this 
cannot be considered as a sofficient explanation. The following 
theory of hail, taught for many years in Columbia Collefi;e by my 

t predecessor Dr. Kemp, is more consistent with the phenomena, 
fit is known that when water b frozen in a Torricellian vacuum, i 
granulates and assumes the form of hajl ; hail also reaches the ^ 
ground with a very great velocity : hence we may conclude, that it | 
is formed in very rare a'u', and in a high region of the atmosphere. 
The decomposition of organic substances, is conslanlly giving 
hydn^en gas, and this, from its specific levity, rises to the higher 
gions of the atmosphere ; here, as no gas can remain long over 
anoAer unmixed, it mmgles with aiuiospheric air, and becomes sus- 
ceptible of being infiamed by electricity. Should it be thus acted 
upon, il forms water, will be condensed into a space much less 
than it formerly occupied, and would leave a vacuum, did not tha 
adjacent portions of air rush in to fill the void. The sudden rare- 
faction of this air, will produce an intense cold ; the newly formed 
water will be froaen, and under cbcumstances thai will cause it to 
granulate ; descending from a lofty region, it will have great velo- 
city ; formed from hydrogen gas, and by ttw «V^c 
n-iU occm- most frequently during fce iwHaaet Taocifes.,* 
pany lightning. 
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I The same theory was also extended by lis author, to th« eiplanalion 
I of the caiue of meteoric stones. In the abKnce of all certaiB 

I knowledge, it would be un philosophical to insist upon it ; yet if wa- 

I ter is held in solution by the air, it may carry with it such earthy 

I substances and metallic oxides as are soluble in it ; and if the metals, 

I their combinations or their ultimate elements, be capable of existine 

in an srial form, they may float in the atmosphere, and may be uni- 
ted into solid masses by electric or galvanic action. 

A similar theory, having reference abo to the agency of terrestrial vol- 
I canoes, is mentioned by Platpair, § 431. 

I 344. In the absence of the sun, the earth becomes cooler than 

I the BuperincumbenI air. That stratum of air which is adjaceat, 

' will commuiiicate to it a portion ofits beat; tlie moisture itcon- 

I tains will be separated, form a cloud, and finally precipitate ; 

I tlie same action will be propagated by it to the next higher stra- 

I turn ; and thus a cloudiness or mist will be formed, extending to 

some distance from the earth. When the sun again appears, 

such part of the moisture as has not actually reached the ground, 

will be again rapidly absorbed. 

In this manner, we may account for the formation of dew ; which 
appears only in calm weather, and during the night. We also see 
why the mist that attends dew appears to rise, although the moisture 
actually falls. 

345. The pressure of moisture in the atmosphere, is known 
by the deliquescence of certain salts ; by the torsion of hemp- 
en and flaxen cords, of cat-gut, whalebone, and hair. These 
substances are called Hygrometric substances, and have been 
applied in various ways to the construction of instruments called 
Hygrometers. The most ingenious of these, are the Hygro- 
meters of Sadssore, Deluc, and Kater. 

Professor Leslie of Edinburgh, has proposed the use of a modification 
of bis diQerential thermometer, as a. Hygrometer ; and this, of all 
others, is the least liable to exception, 

346. The quantity of run that faWa \n any one^\a.<ie,ma.'gVi 
jneaMired by means of an insvrument tltal \6 taftei^i! 



Mechaw 



im 
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The priuciple of this gauge, consists merely in its collecting all * 
the water that falls upon a determinate surface, and then mea- 
suring its depth in inches and decimals. The best rain-gauge 
is that of Howard. 

The quantity of rain varies in different places very considerably, and 
is subject to no fixed law. It is consequently needless 

particular 



347. That phenomenon, the water-spout, is supposed to be 
'caused by the action of conflicting currents of wind, that form 
'^ whirl, in the interior of which is a vacuum, where the water 
rises, as in the common pump. Otliers suppose the phenomenon 
to be electrical. See Franklin, fVorks, Vol. III. Muschem- 
BBOCK, Vol. II. 



n 



348. The intimate connexion between rain and th« winds, ii J 
evident from many appearances. 

. (I ) Where trade or other winds blow uniformly, hardly any rain fallt ; 
when the monsoons change, heavy rains take place. 

(2) In tropical climates, the rainy season always takes place when the I 
sun approaches the zenitli, and at this time the winds are most 

(3) There are some spots of continual rain, and in them there seem to 1 
be opposite currents of air continually meeting. 

(4) In other places, it hardly ever rains. They are usually far in-  
land, and without any of those inequalities of surface that promote I 
the mixture of air. 



(5) In countries near the ocean, where theair is much loaded with mois- 
ture, every change of wind is accompanied by rain ; this is remarka- 
bly the case in Scotland, and on the north wesiern coast of England. 

(6) Lowness of the barometer is a sign of rain ; it indicates that the 
* equilibrium of the atmosphere is destroyed, and it a therefore pro- 
bable that, before it is restored, winds from diSereni quarters, and ai 
different temperatures, must com« vato wffimim ^■sta «i^»^ 
SeePiaKFAiJi,§423. 




160 Outlines of Natural Philosophy. 



OF AIR, AS THE VEHICLE OF SOUND. 

349. When an elastic body is drawn from its natural position, 
and then permitted to return, it regains a state of rest by a se- 
ries of isochronous oscillations. These vibrations being commu- 
nicated to the air, that is also a compressible and elastic body, 
produce therein alternate condensations and dilatioiM, that, are 
gradually propagated throughout the whole mass, in the same 
way that waves are formed upon the surface of a fluid. When 
these waves succeed each other rapidly, they cause in the organ 
of hearing a sensation that is called Sound. Biot, Vol. II. 

In order to show that sound may be caused by the rapid oscillation of 
an elastic body, take a long and thin plate of steel, one of whose ex- 
tremities is fixed in a vice, if it be drawn to one side and thm left 
to itself, a series of vibrations will begin ; if the plate be ioi^ 
enough, these vibrations may be counted, but in that case, they will 
produce no sound ; if the plate be now shortened, the v%rations 
will become more frequent, and after they can ho longer be counted, 
a sound begins to be heard. If we have counted the vibrations of 
the longer plate, we may now calculate the number of vibiations 
that the sounding body makes, on the principle that the number of 
vibrations are inversely as the squares of the lengths of the vibrating 
bodies. Biot, liv. II. ~ 

To show that air is a vehicle of sound, We have recourse to the ex- 
periment of the bell in an exhausted receiver. 

 ■. ' - •k . 

350. Air is not the only vehicle of sound ; the other elastic 
fluids, whether gases or vapour, conduct it also. Liquids §l80 
convey sound, and so do solid bodies. Biot, Jiv. 11. 

That water is capable of transmitting sound, might be inferred from 
the well-known fact, that fishes are furnished wi|)h organs of 
hearing. We may however prove itfuUy, by ringing a bell beneath 
the surface of the water. 

331. The transmission of sound lYvxoxx^ tl&fc a 
^taataneouSy but it requires a ceriam tVni^ to ttu 



place to auotlier. By the investigations of Newton, it would -^J 
appear that the velocity of sound is 9C8 feet per second, while ^^H 
actual experiment makes it 1142 feet. ^^| 

tThe cxirrectness and accuracy of Newlon's investigation, as far aa 
mathematics is alone concerned, has Tieeii fully tested by succeeding 
analysts. It, therefore, is impoilant to ascertain the circumstances 
that have not been talten into account, and by the omission of wiiich, 
the mathematical process is rendered erroneous. Newton himself 
supposes the atmosphere to contain sulphureous and saline particles, » 

but modern chemistry has shown that these do not exist. Neithei! ,^^H|I 
does the rapidity of the oscillation bring the particles of the air itseBl^^^H 
into contacts Some have supposed, that the presence of moisture iv'^^^H 
the atmosphere, would be sufficient to account for the acceleratioQ(^^^| 
of sound ; but if (he air were saturated with moisture, the increased ^^^| 
velochy would not be 8 feet per second. ^^^H 

Another probable cause, was pointed out by Laplace, viz. the action * 

of the heat ihat is let loose by the compression of the air. This has 
been liiJIy investigated by Biut, and is shown by him to be sufficient 
to explain the phenomenon. BtoT, liv. U. 



352. The velocity with which sound is propagated in a liquid, j 
is greater thati in a gaseous body ; its intensity is also greater ; ] 
but this is much diminished when the sound passes iroln the J 
water into the air, and vice versa. 

The motion of sound is much more rapid in solid than in 
Huid bodies ; but although experiments have been contrived for i 
the purpose of determining the actual rate, they have not been j 
entirely successful. Biot however states, that sound travels ( 
more than ten times as fast through cast iron as it does through 
the air. Biot, liv. II. 

The best experiments on these subjects, have Ijeen made by Perolle 
^m andChladoi. CkijAdhi, Acomtiqve, ^ 217 . 

I* 353. The great variety of sounds that the human ear is ca- 
pable of distinguishing arises from three c^aMSfift. "S.-'^Vt ^ssAstx 
or7ess frequency of the vibra,tionB Q5?,oiioxQWi\io*aK'»%'*'-^"***^ 
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the greater or less intensity ; and, ^. From the greater or i 
simplicity of the sound. 

Sounds are consequently dislinguuhed, as high or low, acute or grave, 
Dat or sharp, as loud or weak, and as clear or confused, &c. 

354. Sound being conveyed through the air in a succession 
of waves, is capable of being reflected by obstacles, in which, 
every point of incidence becomes a new point of propagation. 
From a knowledge of tliis fact, we may derive the explanation 
of many curious phenomena. 

Where the obstacle is near the sonorous body, the reflected sounJ 
reaches the ear at so short an interval after the original one, thai 
ihey appear as one, but increased in intensity. In this way, we see 
the use of sounding boards in musical instruments. In the Italian 
Theatres, the side of the orchestra is made one great sounding 
board. 

Where the obstacle is more remote, the sound first becomes confiised, 
and finally we hear the reflected sound separate and distinct from 
the other. It is then called an echo. The ear is capable of dis- 
tinguishing between 8 successive sounds in a second of time ; hence, 
if tlie reflected follow the original sound at an interval of more than 
140 feet an echo is produced. 

The same voice appears louder in a close room than in the open air ; 
but if the apartment be large, confusion will often arise from the re- 
flected sounds. This confusion may be much increased by an im- 
proper construction. 

It is of the utmost importance that Churches, the Halls of Legislative 
Assemblies, Theatres, Concert Rooms, &c. should be constructed 
upon proper principles ; so that the voice may be as much aided 
as possible, by the reflection of the sound, andyet no disturbance or 
echo take place. 

355. Where the waves that proceed from a sonorous body 

strike against continuous obstacles, and are reflected in such a 

manner as to pass through one or more points, either together, 

or at small intervals of time, a sound wXW be WmA b-^ an ear 

phced there, that will often be Vouiet &a.Q\hgoT'\gmA wanA. 





Mec/tanics. 

k In an ellipsoid, for instance, if a sound be utlered in one of the foci, all 
tlie reflected waves will cross one aoother at the same 
the other focus. A conversation in a low tone, may therefore be 
kept up in a room of this shape, between two persons placed in the 
two foci, that will be inaudible to any other persons. 

To produce this eOect, the ellipsoid need neither be very large norcon- 



a spherical figure, the same effect will be produced in relation to 
two points equi-distant from the centre, and situated in the 
same diameter ; for the interval will not be sufficient to render the 
sound confused. In this way, we may explain the phenomena of 
whispering galleries, and account for many deceptions that have 
been practised on tlie credulity of mankind. Others have, however, 
been practised, by making use of the rapidity with which solid 
bodies conduct sound. 

The forms that are best fitted for producing such phenomena, are the 
worst possible for those of distinct hearing ; such forms should 
therefore be always avoided. Mere theory would have shown that 
the representative chamber at Washington, and the Theatre at New- 
York, would be, as ejiperience has proved them, almost totally unfit 
for their intended objects. In both these buildings, the roofs are 
vaulted and reverberate the sounds ; in the latter, there is actually a 
good whispering gallery. The reader who wishes to pursue this 
subject farther, may consult Chlaoni, Acoustigue, ^ 210. 

I .356. The human voice may be rendered audible at great dis- 
t tances, by means of the tpealting trumpet. To produce this 
effect, the waves that wotdd otherwise be dispersed tlirough the 
air, muEt be reflected from the sides of the tube, and reinforce 
the sound iti the direction of the axis. A cylindrical tube will 
not do this j but it is necessary that the tube should enlarge at the 
extremity most distant &om the mouth. Chlaoni, ^ 201. 

Some have supposed, that the speaking trumpet acted by the commu- 
nication of motion to a series of elastic bodies ; as the quantity of 
molicHi communicated by this means, is greatest, when the bodies 
are in geometric progression, the logarithiait oa-i*; Vs^^kwi ^^ 
commended as a proper one to toTm l^i^ waXvftft»A*t«*^ «QW^''^*i 
inimpel. Hklikam, Lecture. 

k/' .A 
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357, The hearing trumpet is the reverse of the ipeakkig 
trbnpet, and is so contrived, that all the fdvmd that fdtti- tipaa 
a large snrfacp, may be ccmcentered in the auditory ckM of 
persons whose hearing is* defective. A varie^ of figores has 
been given to tins instrument, hollow cones, paraboloids, and 
eUip«oid%.likemae figures the concavi^ of ulaios^-tectioa is 
turned towards the axis. In some of them, for comvoience 
sake, the instrument is twisted. 

Of Musical Sounds. ' 

A musical sound is one whose vibrattoDS can be estimated. 

An interval is the relation which the tiomber of vibrations of two mu- 
^ tical sounds have to each other. We usually take a grave sound as 

the standard with which we compare one diatbmore acute. Mdo- 

dy is a succession of musical sounds. 

'Twonntticd sounds expressed at the same time constitute an accord. 
Harmony, is a succession of accords, or the co-existence of sevi^ 
melodies. Chladni,^ 4. * 



it* 



358. In the lowest sounds that are perceptible to ihfr fininan 
ear, the sounding body makes ait least 30 vibrations j^ second; 
and it is still capable of receiving the impression where the sound- 
ing body makes from 8 to 12000 vibrations. 

Chladni takes for his ut or fundamental note, one whose number of 
vibrations per second, is some power ai the number 2. The low- 
est note of the violoncello or piano forte, he considers as caused by 
128 vibrations of the sounding body per seccmd. Froui this^ the 
number of vUirations that cause. any other musical sound whajbKK 
ever liey be determined by calculation^ . Chladki, ^5. 

359. The greater or less simplicity that exists, in the relation 
between the numbers of the vibrations of sounding bodies, h the 
source of all harmony. 

An interval b a concord where this relation is simple, a d^otd' where 
k is conipJeju jFhe ear, alOiiou^ una^A^ to cxrasiX ^bib -wornbcr 
of vibrations f is capable of o%»erniKgtibft ^ts^oi «Q«^^#|MMfiifStt& 

as return together. CiUiXDNi, ^6. 

A.- 
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I The nicety with which an ear perceives thect 
times to be called a musical ear, or an ear 

360. The simplest of all relations, is that of 1 : 1, or wherefl 
all the vibrations of two sounding bodies are performed in equal j 
times. This relation is called the Unison. 

361. The interval where the number of the vibrations of 01 
body is double that of the odicr is called the octave. It is s 
named, because it is the wghth note of the musical scale, anfl 
every other note in the scale takes its name from the number o 
the place it occupies. 

It is well known from experiment, tliat a sound and its octave have 
such a resemblance, tliat one may be considered as a repetition of 
the other. 

(1) The nature of interval is not aflected by taking tlie sounds tht 
compose it one or more octaves higher or lower : 

(2) All possible intervals may be regarded as comprised within a 
gle octave, and may therefore be expressed by improper fractions, 
not less than 1, nor larger thi 

362. The interval where the number of vibrations of one 
body is triple that of the other, is the next in simplidty to the 
octave. Where it is regarded as belonging to the first octave, 
on the above principle, its fractional form } becomes f . It is 
then the fifth to the fiindamental note. The next relation in 
simplicity, is that of { ; but this is the second octave to the 
fundamental note, and does not extend the scale, f is the 
next interval, and when reduced to the first octave, it becomes f 
This expresses the interval that is called the third, 

A note with its third and fifth, is called a perfect accord. 

At the origin of music, its scale appears to have been limited tc 
these three notes ; but they do not constitute a scale in consequence 
of the great extent and inequality of the intervals. The scale is 
completed by adding, 



ons^^^l 
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} (1) Two notes that constitute apetfeUa^t'MiwvOn.**i&Sfe''»^^^*^ 
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(2) Two notei, such that th«y shall form another perfect accofd,of 
which the octave becomeg the fifth, via. 

l:I:i::t:J:2 

In this manner, we obt^n the musical Kale of 7 note*. Besidei the 
names drawn from their numbers, they are known by paiticnlar ap- 
pellations in some countries, and by letters in others ; the intervals, 
with their several distinctive epithets, are as follows, viz. 
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1st. 


^d. 


3d. 4th. 


5th. 


6th. 


7th. 





D 
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This scale li 


s called the diatonic scale. 


Ch 
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,512. 

It is also called the scale of the major modp, becausp, in addition to the 
perfect accord we have made use of, tlial is called Major, lliere 
is another composed of the intervals 1 : ^ : ? that is called Minor. 
Gbladmi, ^ 9- 

363. The ratios of the numbers and i'ractioiis, that cxprcs:: tlii' 
intervalB of the scale of the major mode, arc of three different 
magnitudes, viz. 

of 9:8, of 10: 9 and of 16 : 15. 

The first of these b called a major tone, and designated by the 
letter T ; the second Is called a minor tone, and designated * / the 
third a semitone, and designated H. They succeed one another 
in the fallowing order : 

T, t, H, T, (, T, H. 

Cavallo, Vol. U. 

364. la the scale of the minot mo^« \\«^ wxw 
lother in a diflerent order, say, 



T, H, (, H, T, r, T, 

ir, then, the sixth be considered as the fundamental note, this order of 
intervals may be expressed by the same sounds as (he other ; but ia 

this different order of arrangement : 



/« 
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365, Nature appears to admit no other order of intervals ihatl 
are fit for music. Therefore, in the diatonic scale, no other note 
than A or C, can be talicn for the key or fundamental note. 
But the ingenuity of musicians has contrived to make every 
note of the diatonic scale capable of being the key note, eithei 
of the major or minor mode. Cavallo, Vol. HI. 

This object has been accomplished by the Jnterpoaitron of ci 

vals or half notes between those of the diatonic scale. These are 
used occasionally, and have noappropriate individual name or letter, 
but derive their appellation from the neighbouring principal notes, 
with the addition of SAarp or Fto, according as their number of 
vibrations is greater or less than of those that produce the principal 
sound itself. 

These half notes are interposed, to divide the inteivals of the major and 
minor tones ; they are consequently live in number ; 



I 

te. 



D^ E* G^ 



B' 
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I'his method is not however perfect, as may be ascerlaineii by taking 
D for the key note, and comparing its number of vibrations with the 
notes that become its 3d and 5th- It is, however, well known by 
experience, that if an interval occur, that differs but httle from one 
that may be expressed by simple numbers, it sounds to our ear al- 
most exactly like the simpler. This is a happy circiunstance, for 
it affords the means of obviating the difficulty, by dividing the error 
among several notes, instead of acciuoulating it upon one. Thus, in 
tuning instruments, we do not make either the major or minor modej 
of any one key perfect. 



168 Outlines of Natural Philosophy. 

This mode of obviating the disadvantage, is called Temperament. For 
a more full view of this subject, see Chladni, ^21, et seq. and 
BioT, Vol. n. 

Of the Vibrations of Sounding Bodies. 

366. The elasticity of a sonorous body is the cause of its vi- 
brations ; and this elasticity may arise either from tension, com- 
pression, or from the hardness of the body itself. 

The direction of the vibrations of a sonorous body may be either 
longitudinal, transverse, or circular. Chladni, § 34. 

In its trahverse vibrations, the parts of a sounding body pass alternate- 
ly backwards and forwards, in lines perpendicular to th^axis. 

The longitudinal vibrations of a sounding body, consist in contractions 
and dilatations of the sounding body, or its parts, in the direction of 
its axis. 

Circular vibrations are performed in a reciprocating manner. In 
cylindrical or prismatic rods, the sounds produced by this species 
of vibration are always a fifth lower than the sound produced by 
the longitudmal vibration of the same body. « 

The intensity of sound depends on the greater or less arc descnbed 
for the vibrations, on the size of the sonorous body, and on the ve- 
locity of the vibrations. Chladni, § Z'b. 

367. A musical string may either vibrate entire, or divided 
into a number of equal parts separated from each other, by 
points that are called Nodes. 

The lowest sound that can be produced in this way, is that of the en- 
tire string. If it be divided into two parts, the sound is its octave j 
if into three, the 5th above its octave, &c. 

Tl\e sounds of the aliquot parts of a string, may be produced by laying 
the finger lightly upon the proper node, and then applying the bow 
to the middle of the part that is to vibrate. Sounds of this sort 
are called harmonic sounds. 

S68. The vibrations of membT^tXMea «WNMt\*ft^ Yexk^g^Dem'Sfc 
dJ/Ter but little from those of strings •, t\i^ wi4ft% o^ x^cvw N^^st^- 
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lions are, in this case, fixed transverse lines. Where the i 
brane is stretched in more thaii one direction, the investigation,! 
of the law of its vibration becomes more complex. CHLADKr, \ 
§46. 



359. The vibrations oftheair that can be most readily invest!- 1 
gated are such as are produced by its passage through nan 
openings and passages. The velocity of these vibrations depends 
on the velocity of the current of air, and on the magnitude of 
the opening. Cui.&dni, § 49. 



370. If a rapid current of air, passing dirough a narrow I 
opening, or pipe, strike against a membrane, and causes it tol 
vibrate, the sound is much increased. But it also becomes^ 
rougher. 

The voice of men and anunals is produced upon the above principle. I 
There are in the larynx two membmnes of a figure nearly senu- 1 
circular, that, vrhen applieii to each other, form a complete circular 
surrace. The circumference of these membranes, thai are called 
the ligaments of the glottis, is fastened to the sides of the laiyns, 
and their straight edges are capable of either closing completely, or 
leaving a lenticular opening that is called ihe glottis. 

Where this opening is large, the air passes without causing sound ; 
this is the case in our ordinary respiration. But if the membranes 
be drawn logelher, the air that passes from the lungs by the larynx, 
acts upon die membranes ; they are thus set in motion, and commu- 
nicate their vibrations to the cun'«it of air that is passing out. The 
other organs of the mouth act upon thb current, and each of them 
produces an effect upon the voice. The closer the glottis is drawn 
by the action of the ligaments, the more acute the sound. 

, Every possible variety of sound is produced by a change of the ma(^ 
nitude of the opening, within limits that do not exceed f\j of an inch. 



L Those wlio wish to pursue the subjctlo^ Wxt NWytWucR^ q^ 
"i Jw^es, ma] '■ "— -— - 
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Ofllie Organ of Hearing. 

Our organs of hearing are siiiinted on the two opposite sides of ibe 
iiead, in cavities ol' the temporal bones. The outer car is a cartUafe 
o( a form nearly that of half an ellipsis. It appears to be intended to 
n the sound. 

The auditory passage is partly cartilaginous, partly bony ; it ia 
closed by the tympanum, a membrane that receives the impressioa 
of the waves of air, in order to communicate them to the inner ear. 



Between the tympanum and (he labyrinth, is the cavity of the iymp>> 
I irregular apace that differs liut little from a hemisphere ; 
it is filled with air, and communicates with the mouth, by means of 
the eustachian tube. 

Beyond this, we find the two openings of the labyrinth, called the round 
and oval windows from their figure ; the round window is closed by 
a membrane ; through the oval, the impressions made upon the tym- 
panum are conveyed to the labyrinth by means of a series of small 
bones ; these are four in number, and are styled the anvil, the ham- 
mer, the lenticular bone, and the stirrup. The base of the latter 
closes the oval window. The labyrinth is so called, from its com- 
plicated figure and ports ; it b the inner portion of the organ of 
hearing, and is closely enveloped in the temporal bone ; it contains 
the substance of the auditory nerve, spread in menibronea and fibres 
in a gelatinous liquid, The parts of which the labyrinth is compo- 
sed, are three semicircular canals, the cochlea, and the vestibule. 

37 1 . The impressioD of sound is communicated in the follow- 
ing manner : 

The vibrations of the air, caused by those of the sonorous body, strike 
upon the tympanum ; this sets in motion the four small bones that 
act upon one another, like a combination of levers, and the base of 
the slirrup communicates the impression to the gelatinous liquid 
contained in ihe labyrinth. The vibrations of the tympanum are 
also communicated to the air in its cavhy, and this transmits them to 
the round window ; thus the impression is made at once, in two 
different ways. The auditoiy nerve, whose substance is spread 
thrnaghout (he labyrinth, wansmUa xheac Xm^Tewvottt ^o fttf.Viraa, 
the comwoa centre of sensation. Chlkbw, ^ '^^'^•__-^^^^^A 
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372. We also hear sounds propagated through liquid or solid 
substances, especially when the vibration is communicated to the 
solid parts of the head, that transmit it to the auditory nerve. 

The impression received in this way is stronger than that communica- 
ted through the air, and conveyed to the ear in the common way. 
Chladni, *§ 233. 

373. The sound of our own voice is conveyed to the inner 
ear by means of the eustachian tube ; and when the usual 
channel of sound is closed, we may often hear by opening the 
mouth. 



/ 
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APPENDIX I,— OF MACHINES. 



374. Machines may be considered as tools interposed betweeu 
the natural agent, or worker, and the task to be performed, 10 
render that work capable of being executed, which would have 
been difficult, if not impossible, without the intervention of sobi 
such contrivance. 



t 
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376. We interpose machines between the agent, and the worl 
be performed, for the following reasons, vii. 

(1) To accommodate the direction of the m 
resistance. 

(2) To render n power, that has a fixed and determinate ve!i 
efficacious io performiug work with a given velocity. 

(3) To enable a natural agent, having a given intensity, 
another power or obstacle, whose intensity of : 



376. Compound machines consist of the mechanic powers 
combined with each other in various ways, and modified in 
various manners. Hachette divides the elementary parts, of 
which machines are composed, into ten series, having relatioa 
to the change they produce in the direction or nature of modon. 

Of alt the lines that a point can describe, upon a plane, the two sim- 
plest are the circle and the straight line. If the point describe an 
entire circle, turning condnually in one direction, this species of mo- 
tion is said lobe ronlinuoua circular ; if, after having described the 
entire circumference of the circle, or any portion of it, in one direc- 
tion, the point shall return over the same path to its original position, 
the motion is said lo be reciprocatiag circular ; if it describe a 
straight line without changing its direction, the motion is conHoMontt 
rectilineal ; if it change its (IkcCTaoti, atvi t^MVtv 'y)<«'C»a -sarost 
sn-a^t line, to the pomlwb«ncttttnA?iA«fi,'aa«^v«&»«^^-''^T!^* 
eating rectilineal. ^^^| 

Vol. J. 1% ^H 
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Among diese four kinds of motion, there may take place ten diflbcM 
combinations ; but of two of theie, there is no practical tnstanc^; 
of the application of the remaining eight, examples will occur in the 
machines hereafter considered. See Hachettz, Traite Eternal 
taire, p. 5. 

37T. In every elementary machine, there are three motioDS 
to be considered, viz. 

(1) That wMch resiUu Irom the action of the moving power ilselC 

^S) Tfee motion, ii^ether circular or rectilineal, of that part of die mtr 
ririne wfakh is immediately acted upon by the movkig po«HK 

(3] The nodon that is transmitted, by means of this part of the ma- 
chine. IlACHETT£,p.'€. 

378. Of the moving powers employed by mechaniciaos, the 
most importani are, the force of gravity, the elasUcity of 
ipiings, the sWength of men and animals in motion, water, wind, 
the force of the elastic vapour of water or steam, and the expai^ 
uve energy of the gases generated by the detonation of gun- 
powder. 

The action of the ihrec first may be investigated and explained upon the 
principles of dynaraics ; water, air, and steam, act acconlin^ lo laws 
diataredetermined by the principles of hydrodynamics ; whence we 
also draw the laws that govern the action of the gases generated by 
fired gunpowder. This last, however, is limited in practice lo one 
particular case, that has akeady been fully treated of. 

Those machines, tlie investigation of whose action depends upon the 
propertiesof fluids, are called Hydraulic Engines, 

To the above powers or mechanic agents may be added, the altrac- 
 ticms of electricity, magnetism, and chemical affinity, and the varia- 
tion tn the pressure of the atmosphere, that b markedby the changes 
in the altitude of the merciu-y of ihe barometer. 



: MOTION OF M&CU1N£S. 



379. Where the momentum o£ ihe po^et ap-^wi ' 
ioe is greater than the momentum ot \\\e ttw*\aa 
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Jiine is put in motion ; if the power be one that act more 
 Ibrcibly on bodies at rest than on bodies in motion, its action is 
Jof course diminished, and the acceleration of the machine is 
less in the second instance than in the first. The diminution of 
Ibe accelerating force continues, till the instant when that force 
becomes equivalent to the resistance ; the acceleration then 
ceases, and the motion of the machine becomes uniform. Plas- 
PAIB, ^ 185. 

Gravity is (he only force that is known to act with equal intensity 
bodies whether at resi or in motion. In machines propelled 
all other mechanic agents, apermanent ttate of working is soon 

By Remittance, we understand the resutlanl of all those forces that op- 
pose themselves to the action of the moving power, whether arising 
from the aclion of gravity, the friction of the parts of ihe machine. 
^K resistance of ihe medhun, the work to be performed, or " ~ 
any other cause whatsoever. 






380. Where a machine attains its state of uniform motioVtil 
the momentum of the power is equal to that of the resistance! 
aad is the same that would he in equilibrio with the resistance^ 
were there no motion at all. Playfair, ^ 1S6. 

Tltis species of equilibrium is called dynamical. 

 381. In all machines, the work done is to be estimated, nM 
from the quantity of resistance overcome, but from the quantity^ 
overcome in a given time ; or it is as the momentum of resist-l 
ance multiplied into its velocity. PLArcAiB, ^ 187. 

B 382. The strenglli of men and of animals is most powerfgll 
^rhen directed against a fixed resistance ; when the resistance^ 
is overcome, and the animal is in motion, its force is diminish- 
ed ; and with a certain velocity, the animal can do no work, 
but can only keep up the motion of its own body. Plavfair, 
§176. 

Jf /represent the absolute eKun at an^- moVva^^OTCE «%qs»\^.V2.^ 
» velocity, and W its velocity w\ven\t cm^ 4» W' wrmfc *■ wW^ T 1 
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present an eflort corresponUing to a given velocity) V, then, if the 

force be unirorm : 



F=/(l 



Gregory, ^ ST6. 
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383. In all machtnes that work with a uniform motion, there 
is a certain velocity, and a certain load, that give the greatest 
effect, and which are, therefore, more advantageous than any 
other. Platfaib, ^ 188. 

If the force be unifarm, it will perform the greatest quantity of work, 
when the impelled point moves with one third of the greatest veloci- 
ty of which it is capable. Gregory, ^ 377- Plavpair, ^ 188, 

If, therefore, the load that b just able to keep a machine acted upon 
by uniform force at rest, be found by experiment, it must be redu- 
ced to J of this quantity, in order that the effect of the machine may 
be the greatest possible. Plavpair,. "J 189. Gregory, ^ 377. 

Although the force exerted by animals is not absolutely uniform, yet 
no great error will arise from considering it as such; the above the- 
orems are therefore applicable to all machines moved by the strength 
of animals and of men. 

384. It is of the utmost importance lliat the motion of every 
machine should be rendered as uniform as possible. To ob* 
tain tliis end, a Hy or regulator is most commonly used. 

385. A Fly IS, generally speaking, a circular disk of meta], mo- 
ving with great velocity. When the action of the accelerating 
force is more than equal to the resistance, the fly opposes its 
inertia, but gradually acquires an increased velocity, and cor- 
responding momentum. When the action of the accelerating 
force becomes less, the fly does not at once lose its velocity, but 
parts with it gradually, distributing throughout die other parts 
of the excess of momentum it had previously acqiured. 



Although a By adds in fact to tbe momerAuiQ ot the tcaUvasKa, jet it 
wili frequently enable as irregu\aT forte Wi 4a -wovk 'i\a.\'«. 
ntherwise be incapable of peifcnmme -, tWs, aXv'ocra^*. t 
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turns a winch is capable of exerting during a 
tion a force equal lo seventy pounds, yet as during another portio) 
he can exert a force equal to no more than Iwenty-live, he cannot bi 
employed to overcome a resistance greater than the latter; and thus 
the whole excess of his force is lost. By the application of a fly, I: 
is enabled to work with a force equivalent to the r.using of a weight I 
of thirty pounds. Gbegoby, Vol. IL 

Two of the most remarkable instances oftheuseof the fly, a 

found in the steam engine, and in Vauloue's pile engine. The eflect ol 
a dy is proportioned to its velocity,. when lis weigfiE and c 
are given. 

Flies are sometimes constructed with leaves, but they are disadvan-^ 
tageoua in working machines, for they waste the moving power ui>- 
profitably. When, however, the moving power is great, compared 
to the work to be performed ; and where ii acts with an accelerated 
force, as in the case of gravity, they may not be without their use. 
Thus they were formerly employed to regulate clocks, and a: 
employed in kitchen jacks. 

386. Where the reBistance Is variable, as in the case wbere-l 
the same machine may be employed to perform very difierent I 
quantities of work, the action of the moving power itself is I 
regulated hy an instrtunent called a Governor. 

A governor consists of two heavy balls, suspended by a sys-; j 
tem of levers, forming a conical pendulum. Where the veloci- . 
ty is small, the balls hang close to the asis ; as the velocity in-<' 
creases, they are carried out, their centrifiigal force coimteract- 
ing their gravity. The levers act upon a system of wheels and 
pinions ; to which, where the balls are more distant than a cer- 
tain quantity from the axis, they communicate motion in one di- 
rection ; and wlien they are nearer, in the opposite. These 
wheels move machinery that acts to lessen the intensity of the 
moving power ; thus, in water wheels, they close or open the 
aperture ol' the penstock ; in wind mills, they increase or di- 
minish the quantity of sail ; and in steam engines, they open or 
Hjbit a valve placed in the steam pi^e. 

^W 367. A contrivance, acting uponlVe sa.K\e\«\-fttw^fe ^'*' ^Sw.^*^ O 



mtrivance, acting uponlVe sa.K\e\«\-fttw^fe ^'*' vsw-^^ % j 
!ed to accumwlate or cowAen^e ^oice T«r.ew T 



of J>/'dtHrnt Pktloaophj. 

Jong succession orimpuKi?s, and discharge it ia an instant of time 
upon a given object. 

We have an instance of this in the coining mill. 



OF HACUtNES MOVED BV THE FORCE OF OHAVITT- 
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38S. Wlien a weight in its descent causes the motion of a 
machine, it may sometimes be rendered uniform, by employing 
a resistance that increases with the velocity ; when the velocity 
has reached a certain quantity, tlie retarding becomes equal 
to the accelerating force, and the velocity of the machine re- 
mains uniform. 

A fly with leaves, such as has already been described, is a regulator ol 

this sort. 

389. Of those machines wliere gravity is the moving power, 
clocks are the most important. In them, a pendulum is employ- 
ed as the regulator ; this, by forcing the £scfl^emeB( at each vibra- 
tion against the last of a trtun of wheels and pinions put in mo- 
tion by a weight, prevents their being accelerated by its descent, 
and, at the same time, receives an impulse just sufficient to con- 
tinue its motion. 

The exact adjustment of these two forces is a nice problem in practi- 
c£il meclianics. See Refs' Cijclopixdia, Maintaining Power. 

390. In the clock, the velocity of the maintaining power is 
small, being no greater than that acquired by a falling body in 
a very short space of time ; hence wheels arc in it made to turn 
pinions, and velocity is gained at the expense of Intensity of 
force. The calculation of the number of teeth on the wheels 
and pinions, and the diameters proper to transmit the maintain- 
ing power to the escapement, and thence to the pendulum, is 
abstruse. Modern artists, however, find this done to their hand, 

and content themselves with imuaxmg ibc woiks of their prede- 
cessors. 
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Jtiechania. I 

is an instance ol the manner in wiiicb thi^ is vfiected, we nibjoin 
account of tlie parts of a comraun eight day clock. The first or 
great wheel carries the hoiw' lianc), and of course should revolve in 
twelve hours ; it is stuched by means of a ratchet wheel, to a bar- 
rel, around which a spiral groove of sixteen threads is cut to receive 
the cord by whicJi the weight is suspended. The action of the 
ratchet wheel is such, that the weight in its descent moving the bar- 
rel, must carry the great wheel round with it, but when the cloclt is 
wound up by raising the weight, the barrel moves freely, leavingtbe 
great wheel at rest. The great wheel is cut into ninety-six teeth, 
and turns a pinion of eight teeth, on the same axis with which is 
thehour wheel, of sixty-four teeth, thai turns a pinion of eight teeth} 
on the same axis with this, is the second wheel, that has sixty teelh, 
and turns a pinion of eight teeth ; this pinion is upon the same 
axis with the swing wheel, and its plane is, in the common clock, 
perpendicular to that of the liu'ee oilier wheels ; the swing wheel, 
in this case, is of that sort called a crown wheel ; it has sixty teeth, 
and acts upon two pallets, by means of which a series of alternating 
impulses are communicated to the pendulum. The number of these 
impulses during a revolution of the great wheel will be, by j 66, 
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A crown wheel and pallets, are among the parlies I escapements, and 
by no means the best ; they are however continually to be met with 
even in modern clocks. In the best clocks, particularly wben in- 
tended for astronomical purposes, we find a variety of escapements, 
contrived with much ingenuity. For an account ofwhicfa, see Rees' 
Cydopmdia, article Encapement, . ■« 

The other improvements consist in applying a compensation penda> ]^| 
lum, and a spring to continue the motion of the [rain while the clock .fl 
is wound up. Much, tooj appears to be gained in accutai^^oC'v'x^- 
manship. by the great division ol \a\v3ot. "C\« w^exA ii.-ai\s. ^A ■*. 
clock require sixteen different petaons Vox \iv'ax wasMS.'wa.'sw^ '?««' 
^^ Bsfs' Cyc/o^dta,avticie Cloclfr'mfilnng- ^H 



OvtUnet ofjfaimti PhSotophij. 

Most clocks nre fumlalied with an additional pai 1, izoDipoMil of4 
chinery tliai stTiki-s die hnurs. Much ingenuity has in OMiiy ji 
sUnccs been shown in tlie contriMnre of this, particularly when 
accompanied by chimes, &c. In geneiij, liowever, the accuracy 
of a lime-keeper is impaired by any load beyond the mia we have 
already describt^d. 

An infrenioos and very simple r.lock was contrived by Franklin, and 
this has been modified by Ferguson. See Febgl'soHj Select Exer- 



pF MACHINES PROPELLED BY SPRINGS. ^^H 

391. AOer a Spring has been coiled up, it begins to expand 
itself, and continues to do so with a retarded velocity, until iti 
elasticity ceases to act. The retardation of the velocity is 
Dearly uniform, or, in other words, the elasticity of a spring is 
proportional to its distance from a state of quiescence. 

This property of springs appears to have been discovered by Dr. 
Hooke, but the discovery is also claimed by Huygens. 

392. A spring may be made to act with uniform force, fay 
lengthening the lever to which it is applied, in the same propor- 
tion as its tension becomes less ; in this manner, the spring is ap- 
plied in the common watch to produce a motion nearly isochro- 
nous ; the spring is wound up in a cylindrical barrel, to which 
the end of a chain coiled around another barrel is attached ; 
this last, which is called the Aisee, is of the figure of a conoid 
generated by the revolution of an hyperbola around its assymp- 
lote. 

393. A watch is a portable machine, that measures the por- 
tions of time. It differs from a clock in this respect, that the 
one can only be used when at rest, while the other may be car- 
ried from place to place. For this reason, the pendulum is not 
applied to it as a regulator ; its construction is more difficult, 
there/ore, than that of the clock, and has fov nearly four centu- 
ries exercised the skill of the most. mg,e'(viQ\i& metVamK,^ -, ^KK. 

 bss it yet reached the itU'imale po'ml ot pOTfetuo^i. ^^m 
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Mechanics. 

In the common watch, there are five wheels, viz. The great wheel upon 
the same axis with the fusee, and connected with it by a ratchet 
that allows the spring to be wound up without interrering with the 
of the train ; the great wheel drives a pinion fixed to the 
: of the centre wheel ; the centre wheel revolves in an hour, and 
drives a pinion fixed upon the axis of the third wheel ; the third 
wheel drives a pinion fi:<ed to the axis of the contrale wheel ; the 
contrate wheel, whose teeth in the common watch are perpendicu- 
lar to its plane, drives a pinion whose axis carries the bnlance wheel } 
the balance wheel acts upon two pallets, and thus gives a recipro- 
cating motion to the balance. 

Tlie action of the balance as a regulator is aided by a small spring, 
that accelerates its motion during the first part of its vibration, and 
I retards it during the last. 

The number of teeth in the wheels and pinions, varies in watches con- 
structed by different makers ; as an example of the mode of the ad> 
justing it, take the following: 

Time of going, 28 hours. 

Number of turns of the spiral on the fusee, Y. 

Great wheel 4S teeth. 

Pin. 12 — GO centre wheel. 

Pin. 8 — 56 third wheel. 

Pin. 7 — 80 contrate wheel. 

Pin. 6 — 9 balance wheel. 
2 pallets. 

Number of beats per hour 14,400, or 4 per second. 

Time of revolution of the contrate wheel, 1 minute. 

< The dial work, by which the hands that show the hours ani 
are carried, is as follows, viz. 

A pinion, called the cannon pinion, is fitted tight upon the arbour of 
the centrewheeljsoasto be carried around with it in the space of an 
hour. This pinion has a hollow cylindrical shaft, with a square 
head on which the minute hand is fitted, and drives a small wheel, 
on whose axis there is a piniotilhat ATW(aa,?etOTv4.-«\<ft^\*™^w 
cond wheel has the cylindriciiV sUa^ o^ xiive faKoa\\ y ''™ 

axle ; tlie number of leeth "in ibe wheeXs. an* ^\ttvo™. « 
Vofc. I. S'V 
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to each other, that thia last wheel shall be twelve times as h 
its revolution as the cannon pinion, and the hour hajid is fitted t< 

In a watch whose train is planned like that we have described above, 
a hand that will mark seconds may be adapted to the axis of the 
contrate wheel, and the beats of the watch will divide each of them 
into four equal parts. Rees' Cyclopixdia, article Watch. 

394. The elasticity of a spring is affected by alternations of 
beat and cold, hence the form of the fusee will not alone be 
sufficient to render each impulse communicated to tbe balance 
equal. The balance spring is also affected by the same causes. 
To compensate the irregularity arising from these sources, we 
have two several contrivances. 

(1) A compenjiating curb, by which the effective length of the balance 
spring is increased or diminished, according to the temperature ; 
this curb is composed of slips of two different metaU^ and acts upon 
the same principle widi the gridiron pendulum. It was used by 
Harrison in hjs clironometer ; but he himself pointed out a source of 
error in it, which led to the adoption of 

(2) A compensation balance. In this, the balance itself is composed 
of two different melals ; il is now employed in all known chrono- 
meters. The best compensation balances are those of Mudge and 
Arnold. 



395. Even the best springs are not homogeneous throughout, 
and thus the law discovered by Hooke is not physically true ; 
the irregularity of action arising from this cause, is met by ad- 
justing the general shape of the fusee to each particular case, 
for which purpose a tool has been contrived. The friction, 
another source of irregularity, is diminishedby bushing with jew- 
els the pivots of those wheels whose motion is the most rapid. 

396.lt mightbe fairly expected, that a watch, whose movement 

was aided by jewelled pivots, the fusee adjusted to the slightest 

irregnlaxities of the main spring, the action of heat and cold 

compensated by a curb applied to the balance spring, or by the 

•counteracting influence of the parts ot t\\e >ia\awtft \\,w\i,\i(o\i)i. 

peaperfect time-keeper. \notViet sowrce oS m^^YaxA-j ,>bm^ 
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l-ever, remains ia the unequal transmission of power, arising from 
\ there being alternately favourable and unfavourable positions of 
I the teeth of the wheels and pinions ; to this is to be added the 

irregular action of the old scapement, composed of a crown 

wheel and pallets. 

A remed; for the unequal transmission of power was introduced by 
Harriscin; it is called the Remoatoir ; this is a slender spring that 
is wound up eight limes in a minute, and is applied to turn the con- 
trate wheel ; the preceding parts of the train (increased by the in- 
troduction of two additional wheels and pinions, together with a fly) 
having no other use but to wind up this spring. 

The crown wheel has been entirely abandoned in the best watches, 
and instead of it, a variety of escapements have been introduced. 
The general principle of these, is, that they shall communicate no 
more than a momentary impulse to the balance, and thai this shall 
be applied at that point where the momentum of the balance is a 
maximum. The balance itself is made so heavy, that ibe maintain- 
ing power is not sufficient to set it in motion, but merely, as in the 
pendulum clock, to restore the quantity that is lost at each vibration. 
It would be impossible even to mention the names of ilie several 
escapements. For a description of them, see Rees, article Egcapi- 



397. A watch whose motion is rendered nearly regular by the 
above-mentioned contrivance, is called a Chronometer ; it may 
be employed for a variety of purposes in Astronomy, but is par- 
ticularly useful in determining the longitude at sea. 

The watch in its most improved state is one of the most noble instan- 
ces of human ingenuity; it has for this reason been chosen by 
Paley as an apt illustration of his arguments in his Natural Theologt/- 



The best chronometers that have yet been constructed, are those of 
Parkinson and Frodsham. 

The principle of tlie division of labour b carried lo a great length in 
the manufacture of watches ; it is computed that the several parts 
of the works of a watch are the production of twelve different 
workmen, before they come 'm\o \\\e VwBisQ'i. ■Cfte ^fya^ -«>sH»t 
name is impressed on ihem as v\ve m;sSi^ei -, «cv4. v\«s. N>a^^^ 
twenty-one more in fimsl^ng and ytepa.YOi?,"*' tot *^«-. ^ 
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i THE STBKNDTH OF ANIMALS. 
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398. Tlie effect of a descending weight would be to raise 
an equal weight to the height wlience itself fell ; this moving 
power has, therefore, an i a dependent and definite value in itself; 
in the case of all other mechanical agents, we estimate their 
value in some conventional manner, in the same way that we 
compare forces with one another, hy the intervention of some 
conventional force that is taken as the unit. 

Thus, the powers of men and horses have been compared with each 
other; and we estimate tlie force of water, wind, and steam, in terms 
of the latter. 

399. The action of a man and horse can only be compared 
together, when their powers are exerted to produce tlie same ef- 
fect, or when applied to draught. The greatestforce of draught 
that a man can exert, may be taken at seventy pounds ; his great- 
est velocity in walking, six feel per second, or a little more than 
four miles per hour. 

If we apply to this the tlieorem of -§ 383, a man should work to the 
greatest advantage in drawing up a weight of 3 J | pounds, and walk- 
ing with a velocity oftwo feel per second. Gbegorv, § 378. 

Euter and Playfair make the maximum weight only sixty pounds, the 
raosl advantageous application of human force to draw Iwenty^even 
pounds, with a velocity of two feet per second. Pi.ayfaik, ^ 1T9. 
EuLER on VcBsdsj Book IV. 

400. The Utmost strength of a horse is estimated as about 
equivalent to a weight of 420 pounds ; his utmost velocity in 
walking, 10 feetper second ; his maximum of power will therefore 
be to raise a weight of 1S6| pounds, with a velocity of 3i feet 
per second. Gregory, ^ 378. 



Thestrengthofa horse is usually estimated a* 



Mechanics. 
f^ The eslimate is made by Hachette in another manner, viz. 

401. A man working 10 hours per day, and continuing hUj 
labour throughout the year, can raise 10,000 French cubic feet 
of water to the height of a foot j or one liundred and eleven 
cubic metres of water, to tbe height of one metre. He there- 
fore proposes to represent the strength of a man by the number 
111. The strength of a horse he represents by the number j 
777. Hachette, § 14, and § 21, 

403. When a. man walks, his muscular strength is exerted to I 
produce two different effects ; to move his weight forward with I 
a certain degree of velocity ; and to raise it to a certain height. 
The first of these is applied to draught, the second to the support I 
and carriage of burthens. 

From the erect position of man, and the columnar structure of his 
body, his power of producing the second effect is much the great- 
est. Seventy pounds is the greatest weight he cau draw ov 
pully, while he is capable of moving under any weight less than . 
twice his own. 

According to Playfair, the greatest effort of a man's strenst'i in raising I 

a weight, is when it is to that of his body as 3 to 4. A Homan I 

soldier was loaded with a weight of 60 Roman pounds, and travel- | 
led at the rate of 3 miles per hour. 

A French Grenadier is loaded with 56 French pounds, and the rate of 1 
his march is 3 miles per hour. 

403. A horse, on the other hand, can support much leas I 
weight on his back than he is capable of drawing ; and while a J 
man can ascend nearly perpendicularly upwards, a horse can- J 
not mount a plane inciined more than 45 degrees to the horizon. 1 



( 
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Of the Crane. 



404. The crane is a machine made use of to raise heavy 
weiglits, and to remove them to a staaU disV'awte. l^o^a -Csvi -i^^f^-ii 
whence they are raised. The pv^wci'p^'^^.'c^sQ^ ^c^^aa,^"' 
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fcay&oirr, the gib. and a wheci an* ari^ N- toV«,*>s&"^'~'^JJ 
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around the axle, passes over a pulley at the extremity of the pb 
to the weight ; this pulley is generally single, but is'in some cases 
compound. The whole machine has a horizontal motiou around 
the arbour as an axis, and in some cranes, the npper block of the 
pulley has amotion along th? gib ; by the combination of these 
two motions, a weight may be set down at any point within the 
area of circle, whose centre is in the axis of the arbour, and 
whose radius is the projection of the gib. 

The axis of ihe wheel and axle of cranes is sometimes horizontal ; 
ihey may then be moved by the muscular aciion of men, taking 
hold of pins placed on the circumference of the wheel, or by the 
weight of men walking within them ; the wheels are sometimes cut 
into teeth, and propelled by pinions worked by a winch. At othet 
times, the axis of the wheel and axle is vertical, and they are pro- 
pelled in the manner of a capstan, by men pressing against bars, 
or moved by horses walking in a circular path. 

Those wKeels in which men walk arc considered dangerous ; this 
species of crane has been much improved by Albert, in France, 
and Whyte, In England. In then- cranes, the men are placed 
upon a platform, at the height of the horizontal diameter oflfae 
wheel, and step upon leaves placed on its circumlerence. 

This species of crane is called the FootmiU ; h has been lately introdu- 
ced into the Penitentiary of New-York. It is an advantageous ap- 
plication of human strength ; for, in the crane of Albert, the weight 
raised in a. given time was to the whole estimated force of the men 
employed, as 8 lo 10. No more, therefore, than ^ of the power was 
lost, in consequence of the friction, &c. See Hachette, p. 240. 

To enumerate the great variety of cranes employed in different casfs, 
would far exceed our limits ; the curious may consult Hacbetq 
Frrouson, and Gbegoby. 



Of the Pile Engine. 



405. In the pile engine a heavy weight or ram is raised to a 

great height, and discharged at once upon the head of the pile 

thai is to be driven. This machine is in some cases composed 

of a simple pulley, elevated upon posw xVvax %eYN« *% ^\&««\n 

thf ram ; ibe cord of the pviWej "va &\\4ft4 -haq * t 



sed to a 
the pile 
)mposed 
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smaller ropes at the extremity, in order to permit a number of 
men to act at the same time. Id another form of the machine, 
the cord of the puUey is wound around an axle, whose wheel is 
cut into teeth, and driven by a pinion ; to this pinion, manual 
strength is applied by meaus of a winch. Such is the engine 
used in the iiarbour of New- York. 

Where the pile engine is used in great works, it b propelled by horses ; 
ofthiSfWehavean instance in the famous engine contrived by Vau- 
loue, to drive the piles used in building Westminster Bridge. See 

' Febouson. 



Of the Venetian Machine. 

406. The Venetian machine is a contrivance for removing 
the deposit made by water in the bottoms of harbours. It is 
named from the place in which it was first used ; and from its 
great simplicity and excellence, has superseded , in most parts of 
£iurope, all other contrivances for the purpose. 

^V* In theuse of this machine, a large instrument, resembling a spade, and 
^r* like it composed of a wooden handle and iron blade, is driven 
into the muddy deposit ; this b effected by attaching it to the ex- 
tremity of a horizontal beam like the working beam of a steam 
engine, whose opposite estremity is elevated by the force of ascrew. 
A molion of the screw in the contrary direction withdraws the 
spade after the operation b completed. When ihe spade is driven 
to a proper depth, a scoop that moves around a pivot, traversing the 

t handle of the spade just where il is inserted into the blade, b forced 
forward tomeet the spade, bylhejoint action of a lever and apuU^, 
whose cord passes around a capstan. 
Ti 
41 



IS machine is worked by 5 men, and raises 60 cubic feet of mud 
every 5 minutes from a depth of X5 feet. Hacbettb, p. 250. 

A very imperfect and inefficient macliine is used for a similar purpose 
n the harbour of New- York. 



Of Wheel Carriages. 
407. Where the strength of men ot qI anuwaSaX* wpSvy-s^-vs* 
igbt, the effect that has beeu sXawA w v>\« v*€\^ -Jw&j*" 
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cies of exertion is capable of raising perpendicularly opii^^^l 
as in the case of its being suspended by a cord passing over « 
pidley. The same application of strength may be rendered 
efficacious in removing much heavier weights along a horizon- 
tal plane. In this case, the resistance consists, not in the weight 
of the body to be moved, but in its Friction. 

The principle upon which wheeb and rollers act, in the removal of 
IrictJon, has been already explained. See i^ 91. 

408. Where wheels are considered, without reference to the 
animal force by which they are propelled, ii would appear that 
the l&rger they are, the more advantage is to be derived from 
their use, whether we consider them as employed to diminish 
friction, to surmount obstacles, or to depress them. The only 
case where small wheels are more advantageous than largl 
where tfie obstacle is to be removed. 






409. The height of wheels is however limited by the dJi 
of the draught. The power of draught is exerted most direct- 
ly, and consequently most powerfully, when the fine of draught 
is horizontal. Besides the loss arising from obliquity of action, 
where the draught is not horizontal, a pari of the power of the 
horse is employed, when the axle is lower than his breast, in rais- 
ing the weight from the ground, and, when it is higher, in increas- 
ing the friction. 

A horse,in drawing, leans forward, bearing a portion of his weight upon 
the collar; hence, in order diat the draught be horizontal, a wheel 
with an axle a little lower than his breast must be made use of. 

An ajile lower than the horse's breast, b also advantageous on hilly 
roads, where, in rising, a portion of the power must be exerted to 
overcome the gravity of the load, and where, in descending, its spon- 
taneous velocity is to be checked. On level roads, however, it is 
said that the axle may be made a little higher than the breast of 
die horse with advantage. 

410. When a horse leans forwatd to v\ve dT^a^ht, he acts not 
only by his muscular strengih, buV a\sQ \i^ V\% vi«v^\. ■? we ftas, 
reason, in moving heavy loads, horses ot a. W%e\iT"e.ei we. VoroA 

ll 



more valuable than smaller ones, c%en of equal or superior mm 
cular force ; oxen, also, arc fomii) of great value wherever the I 
required velocity is small. 

In carriages with two wheels, a portion of the weight rests upon the I 
of ihe animal, and, where this is not too great, adds to bb efleci 

Aloadlaidupon the back of a borse will often enable him loovercoroe 



his strength w 




^quol to. In ibis way we 
I carriages driven by poslili 
the best order ; ibis observBiioD, 
of Europe, and in posting 
England ; but in England 
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explain tbe curious laei, observed 

that the mounted horse is always i 

tk-Lich holds good in ibe artillery 

on that continent, is not found 

the roads are so good, that the strength of the horses is employed in 

obtaining velocity, rather thnn in overcoming friction ; and in tluv 

ease, an additional weight is an encumbrance. 

Tbe advantage of carriages with two wheels, ceases when they are 
made so large as to require more than a single horse for their 
draught. And forsimjlar reasons, it is disadvantageous to draw even 
a four wheeled carriage by horses harnessed tandem. This rule, 
however, does nol ajiply lo a level road, or where velocily is the 
object in view. 
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In four wheelftl carriages, the fore wheels are made 
lower than the hind wheels, for the convenience of turning. In 
ery other respect, this plan is disadvantageous. 

Some ignorant persons imagine ibal high wheels help lo push forward 
the lower ones, tbal precede ihem. And many dri\ers consider 
that it is best to load the fore wheels with more tlian a due propor- 
tion of tbe load. Both of these impressions are erroneous. Where 
heavy loads are to be carried a considerable distance, four wheeled 
carriages, drawn by a number of horses, ari^ niosl advanlageous } 
for, although the same number of horses would draw at least J more 
in carts, yet each cart would require a driver ; in short distances, where 
tbe drivers ai-e advantageously employed in loading and unloading, 
carts are preferable. In Scotland, tbe liorsesare so trained, that 3 or 6 
cans may be driven by a single perswi, and their agriculturists boast 
much of the great superiority of this mel\voi, -AwiL 'A ■&.* ^wA. ^j™.- 
suactioa of iheir carU. Tl« raxt. ttaei.\wiXw tW- •^'^ "^Ne^^wi^ 
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and its vicinity, is however still better than that of SciAland ; iu 
QSiial load is 14 cwt. over unequal groand. 

412. When horses are harnessed abreast, it seldom happens 
that their strength is equal ; it is very easy howevek*, by appor- 
tioning the length of the lever on which each draws to his power, 
to place them upon an equality in this respect. 

413. Wheels are usually made dishing ; an advanCftge ift said to be 
thus gained, for where the carriage inclines, the lower spoke be- 
comes vertical, and thus has the greatest strength at t|ie moment 
when the strain is greatest. The axles are also usually inclined 
downwards ; but this practice appears to be vicious, for it in- 
creases the resbtance. 

414. In carriages that are loaded with heavy weights, the wheek 
should be made broad. This, although not attended with any 
advantage on hard or very smooth roads, is of great value in 
those which are soft or unequal. It acts also to preserve and 
even improve the roads. 

Hence in England, all heavy wagons are required by law to have 
broad wheels. This law, which met with great opposition from the 
carriers, has now been found to be as much for their private interest 
as for the good of the roads. On many of the turnpikes of the 
United States, broad wlieeled wagons pass toll free ; and it is to be 
hoped that this valuable improvement will rapidly come into gene- 
ral use. 

The friction rollers of Mr. Garnett, mentioned in § 92, have also been 
applied to the wheels of carriages. 

416. Springs, that were originally introduced for the ease g£ 
the person carried, have been found a mechanicaf advantage. 
Upon rough and uneven roads, they act on the same principle 
with the Fly. 



See, for a more full dissertation on tVoa «w^i^ect>l?iB.^©\»oiC* 
with j4dditian8j by Brewster. 
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41S. In wheel carriages, Uie equability ot'n 
greater importance than to other machines } sudden checks to 
motion having a more pernicious effect on an animate than it 
can have on an inanimate body. Plavfair, ^ 192. 

Hence we may see the very great importance of good roads, and tl 
necessity thai they should be conslmcted upon scientific prlnciplia 
In low countries, every eicettion shoidd be used to make the roads ' 
as neariy level as possible ; iu hilly countries, the ascent from the 
lowest to the highest points, over which the road must unavoidably 
pass, should be, if possible, made a leguiarly inclined plane of the j 
least practicable angle. 

In almost every case, it is better to avoid and go round a hill, dian (6^ 
pass over it ; the effective length of a road is measured, not upon a 
level line, but by the number of turns made by the wheels that move 
upon it. 

Inst 



dthe^H 
ipli!«.^^H 
roads ^^fl 
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Rail-ways have been introduced, when the weight 
of the articles to be transported in one direction was very great; 
these are composed of two parallel inclined planes of cast iron, on 
which the wheels of the carriages move ; they answer the double 
purpose of diminishing the friction and equalizing the n 
hence a horse is capable of drawing 5 times the weight upon them 
that he could over a road of similar inclination. See Recb, Rail- | 

Of Animals considered as Machines. 

417. Animals may themselves be considered as machines, 
planned by tlie Creator with consummate wisdom, and admi- 
rably adapted to the several states and circumstances in which 
they are destined to exist. 



418. The molioD of animals is produced by the action ol* their  
inuscles upon the bones. Each several motion is effected by the 
joint operation of a pair of antagonist muscles called the flexor 
and extensor ; by the union of two or more pair of these, and 
by the simultaneous action of those of different bones, every 
variety of position and atliliide ot wVncV t 
a produced. 



i 

h 

i 
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In man and quadrupeds^ the flexor muscles are a little shorter than ike 
extensors ; hence the position of the jointo, wken the musdes tie 
not m action, is a little bent On this account a landing poshieii, 
when the joints are straightened, cannot be assumed without 
effort ; and when muscular action ceases, as in sleep, the upright 
position ceases also. 

Man alone, of all the mammalia, is capable of maintaining an erect p9* 
sition. His standing posture is produced by the j(Mot action of the 
extensor muscles of all his joints ; the most poweriid of these are 
situated in the calf of the leg, where they not only senre ttusimpor* 
tant purpose, but add to his beauty and symmetry. 

In Innb, the erect position is also produced by the action of the exten- 
sor muscles ; but as they are slender, their want of mass b compen- 
sated by their increased length. To this great difference in the 
length of the antagonist muscles of birds, it is owing that their feet 
collapse and close firmly when muscular action ceases, and thos birds 
cling to their perch during sleep, and even after death. When they 
stand upon a plane, their weight acts to prevent the contraction of 
the extensor muscles, and thus their feet remain spread out without 
any exertion on their part ; birds therefore sleep in an erect pbndon, 
and sometimes standing upon one foot. Boeellus, de Mote Am- 
nudiumy Cap. XVIII. 

The antagonist muscles are applied to points of the bone, not &r dis« 
tant from the joint that serves as the fulcrum. Thus the frame of 
animals may be considered as a combination of levers of the third 
kind, where velocity is gained at the expense of intensity of force. 

419^. In the motion of terrestrial animals, the flexor muscles 
act to throw forward the line of direction of the ceiitre of gra- 
vity ; this, which of itself would destroy the standing posture, is 
met by a corresponding motion of the limbs. Bor^llus, Cap. 
XIX. and XX. 

420. Birds are raised into the air by the rapid osciliatioQ of 
their wings ; the grefit feathers of which these are ct^posed, 
strike the air directly when the wing moves downwards, Ibut ob- 
liquely as it returns, a very great difference consequently residts 
between the action of the wing \Kpou xhe ^ Nv\iA<&tDk^^^rai^m 
the two opposite directlcM ; tVus \s sx^ffiLCieox v^ t^^ ^QottX^BAi 



Mechanics. 



193 



into the air^ and support it ttiere. The flight is directed either 
upwards Jiorizontally, or downwards by the feathers of the tail. 
The muscles by which the wings are moved, are placed upon 
the breast, and compose by far the greatest part of the body of 
the bird. Man not being furnished with pectoral muscles, in vain 
attempts to fly by his own unassisted strength. Borellus, 
Gap, XXn. 

421. Fish are nearly of the same specific gravity with the 
fluid in which they are immersed. They are furnished with an air 
bladder, by the inflation or contraction of which, they become 
either specifically lighter and rise, or specifically heaiaer and 
sink. When swimming in their u^ual position, the centre of 
gravity of a fish is above the centre of magnitude ; hence the 
equiUbrium is momentary. They are preserved in this po- 
sition by the motion of the pectoral fins : and are propelle4 hy 
the action of the tail. Borellus, Cap. XXIII. 



* 
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MECHANICS. 
APPENDIX II.— HYDRAULIC ENGINES. 

OF MACHINES FOR RAISING WATER. 



I 



423. Machines for raising water may be divided into two 
t classes : (I) those which are moved by the direct action of the 
I yater itself ; and (2) those which are moved tlirough the inter- 
L y^Dtion of some machine, of wliich any natural agent may be the 
t {trime mover. 

Among the first class are the following machines, vJ£. 

423. The Fountain of Hero ; this is a machine by which the 
motion of a column of water is transmitted to another column 
of the sarae liquid, through the intervention of a stratum of air 
that separates them. The principle on which it acts, may be 
generalized, and comprehend all machines in which the motion 
of one liquid is transmitted to another, through the intervention 
of a stratum of fluid, whether compressible or incompressible, 
of less specilic gravity than either of the two liquids. 

Hero's fountain in its original form consists of two vases ; llie one pla- 
ced perpendicularly over the other, and both airtight. A pipe, 
open at its upper extremity, passes through the upper vase without 
communicating with it, and enters the lower, reaching neaily to its 
bottom. From the ujiper part of the lower vase, a second pipe 
proceeds that reaches nearly to the top of the upper. A third pipe 
is inserted into the top of die upper vase,and reaches within a small 
distance of lis bottom. 

Xo use the machine, a portion of water is placed in the upper v 
and in the lower enough to immerse the lower extremities of the first 
and third pipes ; the several openings are then c.Vt««4., a 
is poured into the first pipe 5 Ma coWmn, o^ 'Cae •»i\MJni\iBV^'*.'*ofc 
mstnimear, presses upon t^« ait coviVaiiv^ to *« v^e«» t—^ 
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both vases, and would condense it, did it not act upon the water in 
the upper vase, and force it out in a jet through the third pipe. 

The action continues, if water is supplied^ until the level of the water 
in the upper vase falls below the lower end of the third pipe. 

Hero's fountain is but little used in its original shape, except for pur- 
poses of mere amusement. It has however, when modified, 
been applied to several valuable practical purposes. For in- 
stance, Girard, in France, has constructed a modification of Ar- 
gand's lamp, where the oil is raised to the wick by a contrivance 
acting on the principle of Hero's fountain. See HACHsrrrE, p. 43. 

At Schemnitz in Hungary, water is raised from the bottom ofa deep 
mine by a machine of this same speciea. Its principal parts are 
two strong vessels ; one of these (A) is placed on a levd or hori- 
zontal shaft carried in from the open ground ; the other (B) st the 

. bottom of the mine. Above the level^ the ground rises rapidly into 
a mountain, and at a considerable height on its side is a 'spring ; 
the water of this spring is made to act on the au* enclosed in the ves- 
sel A, this cobmunicates with the air in the upper part of the vend 
6, and forces the water from it through a rising pipe to the boriioii- 
tal shaft, where it is discharged upon the plain. When ^ vessd A 
becomes filled with water, and B with air, stop-cocks are apeaedjhy 
which the first is discharged along the same shaft, and the tecond'al- 
Jowed to escape ; the machine is then ready to recommence its ac- 
tion. These cocks were, in the original machine, opened by handy 
but an ingenious apparatus has been contrived by Boswdl, in Eng-^ 
land, by the aid of which the machine is rendered self-woriung. 
Hachette, § 83. GregoeY|^ Vol. H. 

424. Two buckets united by a rope passing over a puUy are 
sometimes used as an hydraulic engine. One of these buckets 
(A,) weighs, when full of water, more than the other, (B ;) but when 
both are empty, B is the heavier. If, then, they are t)Oth at the 
same level in consequence of the middle of the rope restiog on 
the summit of the pully, and if water be poured into them, A 
wiU soon preponderate, and, in descending, raise B ^tEi.t8 con- 
t^nts until it reach the pully. If at this moment, a pUl.Of some 
other contrivance be applied, by which the bucj^iff ^are over* 
tuned and emptied, (the \vateT from K txucfficov^ \i5' ."tv^aS^^o^ 




mt frnm B passing inta a reservoir,) B will preponderate, and, .1 
in its tnni descending, will raise A to the original level. 



I 




If the buckets be made of the figure of conic frustums, open at ihe 
larger end, and if liie points of suspension be placed so that their 
axis psissps between the centres of gravity of a solid and of a hollow 
frustum, the equilibrium of the buckeis when full, will be mo- 
mentary, but when empty stable ; tbey may therefore he emptied by 
the slightest force. 



'* 426. The H>/draulic Ram, (Belter) of Mongolfier, acts upon 
the following principles : 

When water is running with a rapid current through a pipe or close 
channel. If the end at which the water issues be suddenly stopped, 
the water by its acquired impetus, will act upon the sides or circum- 
ference of the pipe, and endeavour to escape with a force propor- 
tioned to its quantity and velocity ; it may thus be made to issue 
with great violence from a smalt aperture opened at or near the end 
that is closed. If, then, an ascending pipe be Joined to the aperture, 
a portion of the water will ascend. If the machine be provided 
widi proper valves to close it at the end, and to prevent the return 
of the water through the ascending pipe, the operation may be re- 
peated in continued : 



I 



^Thc action of the principal valve of the hydraulic ram may be thiu cs- 

I plained ; when a body is acted upon by a force, it does not inatant- 

t ly acquire t!ie whole velocity the force is capable of communicating. 

Thus, when a rope is tied to a shell placed in a mortar, it is broken 

when the mortar is fired ; and thus a weight that if it passed slowly 

over a thin plank or weak ice would infallibly break tliem, produces 

no such efiect when it moves rapidly. 

1/ 

The hydraulic ram is composed of aii inclined pipe, down which the 
water flows ; a valve thai is of such a wrigbt tliiii ilie water can rmse 
it when it has communicated to it its whctle impetus, but which does 
If not fioat on sliU water ; a second valve that closes when the first 
^m opens, and vice versa; an air vessel that communicates witli the de- 
^^ scending pipe by means of the second valve ; and an ascending pipe 
^p opening upwards from the air vessel 

t 



I 



[The action of the fluid produces an aWmWe '£\B».a»A.^=i^ 
valve ; the motion of the second \aive xwx^xcKa'Cw^'^^ 



ling pipe 
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the first, it admits water into the air vessel ; lierc the air is condensed, 
and by its spring forces the water in a continued stream through 
the rising pipe. IIachettb, -^ 94. 

426, The Syphon of Venturi acts upon the principle disco- 
vered by him, of the lateral communication of motion in fluids. 
In it water is admitted into a vessel, and allowed to escape from 
an orifice near its bottom, by a cylindrical adjutage ; a sypfaou 
is introduced into the adjutage at the vena contracta, and its 
longer branch descends into a reservoir ; through this syphon 
the water rises, and is discharged along with that flowing from the 
upper vessel. Hachette, p. 35. 



Among the second class of engines for raising water, are, 

427, The Tympanum, a machine much used by the ancients ; 
lO it, a hollow cylinder whose aiis is horizontal, is divided into 
a number of compartments, by partitions extending from the 
axis to the circumference. The lower part of the wheel dips 
Into the water, and holes are pierced near the circumference, 
into which the fluid is received during the revolution of the 
wheel ; as the wheel revolves, the fluid passes along the inner 
circumference until it reaches the next following partition, over 
which it is carried to the centre of the circle, where it is dis- 
charged. 

In the use of this instrument, the centre of gravity of the fluid raised 
does not move in the shortest possible line. De la Faye has pro- 
posed to improve this machine, by causing the water to rise in a 
straight line ; he effects this by making the channel in which the 
water moves in the form of the involute of a circle. 

In both forms of this machine, water cannot be raised higher than 
half the diameter of the wheel. 



423. The Persian fVhf.d ; this has backeU hung upon 
circamference by pins, in such a '«a^,v\\a.\.ftif5 'w\%\tK^r^«B(^ 
^B dicalar when acted upon by ao o\heT totce vWw i\v«w ««w 



in its I 



Meckania 



1994 



I 



I 



and that oi" the water iliey may contain. The water leceJvf 
by the immersion of these buckets into a reservoir when at the 
lowest point of their revolution, is discharged at the moment 
tbey reach the summit of the wheel, by causing them to strike 
against a pin that overturns them. 

The velocity of this wheel must not be very great, olherwise the whol^^ 
of the water raised by each bucket will not be discharged into i^O^ 
channel placed to receive it. 

This wheel is liable to a great resistance, in consequence of the difi 
culty of pressing the empty buckets into the lower reservoir ; but it J 
may be avoided by placing a valve opening upwards in the bottom j 
of each bucket. 

439. Vera'sPump, called also the Hessian orRopepump, is form- ] 
ed of an endless rope, that passes over two pulleys ; one of these ' 
is placed in the reservoir whence the water is to be raised, the 
other at the place of discharge ; a quantity of water adheres to 
the rope, when at the lowest point of its revolutioD, and it is c 
pelled to part with it by a gentle pressure when it has reaclH 
its highest situation. 

himself, drew watef ^ 



I 



A macliine of this sort, constructed by the i 

from a well ninety-five feet deep ; and a single 
gallons per minute. Rees, article Water. 



4- 



430. The Hydraulic Cane is a long tube fitted with a valveJ 
opening upwards ; this valve is sometimes placed at the bottom £ 
and sometimes at the lop of the tube ; the lower extremity olj J 
the tube is immersed in water, and a rapid alternating rectilineal \ 
motion is given to it ; when the valve is at the top of the tube, 
the water that has entered it during its depression, is supported, 
while it is drawn upwards, by the pressure of the atmosphere ; 
when it is again depressed, more enters, and the action is coq- 
tinued until the fluid issues from the top of the tube ; when the 
valve is at the lower part of the tube, it supports, during the mo- 
tion upwards, the water that has entered durmgthe time of descent. 

431. VialonU Pump is formed ol V«o x^A^^-i., ^w^-"*^^/"*^ 
setcs, bv wrapping them aioundlVie same f^Xm.i*'^-' ■**■ '*" 
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trary directions ; the lower end of each tube is fumislied mth a 
valve opening upwards ; a rapid reciprocating motion aroond 
the a\is of the cylinder is commuaicated by means of a winch ; 
at each alternation of movement, liie water acts upon one of the 
valves, which opens and permits it to enter, at the same ume the 
other valve closes and retains the water that )ias entered through 
it ; the two spiruis are drawn together at top, and joined into 
one common tube, through whicli the water they have raised 
is discharged. 



This machine, and the hydraulic 


cane, whose valve is a 


t its lower ex- 


tremily, are bodi eonstrucied o 


n the same principle. 


Hachette 


■5123. 







432. The Centrifugal Pump Js composed of a number oi 
tubes arranged upon the surface of a truncated cone, whose lar- 
ger base is uppermost ; these tubes are bent outwards at their upper 
extremity, and a circular channel placed beneath their o. tficei; 
the lower estremity of the tubes is placed in the water to he 
raised ; when the machine has a rapid motion given it around 
the axis of the cone, the centrifugal force in the lower circular 
base of the cone becomes sufficient to overcome the gravity of 
the water, it rises, and is discharged at the upper ends of die 
tabes into the circular channel. Hachgtte, § 130. 

433. The Screw of Archimedes is composed of a solid cylin- 
drical shaft, surrounded by a hollow cylinder having the same 
axis ; the threads of the screw are contained in the hollow space, 
between the outer and inner cylinder, and are generated by the 
motion of lines that are constantly perpendicular to the axis of 
the cylinders, and apply themselves to screws of the same thread, 
supposed to be wound around their surfaces ; from three to four 
such screws are usually wrapped around the solid cylinder. 
The upper part of the machine is furnished with a winch, the 
lower with a gudgeon, and these rest upon a frame of wood. 

In order to apply the screw of Arcliiraecles to raise water, the lower 
end is inunersed in the fmiil, and iW aws \ntUned to the liorizon ; 
the winch is then turned in a tfuemow totiwai^ \o ■Ciwfl. bS ■J 
tion of ihe point that is supposed wWve^ewetavpA'iS.xes,' 



liorizon ; '1 



naier U by lliis motion carried along the »url'aces ot ihe scretrs, ai 
falls at the upper part of the machine into a trough prepared to n 





, The elevation of the axis of the machine has a limit that depends- on 
the radius of the inner surface of the hollow cylinder, the angle of 
inclination of tlie screw, and the distance between its threads. 
Hachettk, ^ 134, et seq. 






434. The Chain Pump is composed ofa cylindrical or squi 
barrel, and an endless chain furnished with several pistons 
the same figure with the barrel, and placed at small distances 
from each other, on the links of tbe chain ; the chain is general- 
ly extended between two wheels, one below, the other at the top 
of the barrel, but the lower of these is sometimes omitted ; these 
wheels have forks fixed on their circumference at such distances 
as will permit a piston to fall into each of the intervals, while the 
fork takes hold of the links of the chain ; to set the machine in 
motion, the upper wheel is turned by means of a winch ; the pis- 
tons fit close to the barrel at the lower extremity, and for a few 
feet upwards, above this the barrel becomes larger, and the pis- 
tons move freely. When the lower end of the barrel is immer- 
sed in water, and the chain is made to circulate by turning Ihe 
wheel, each piston will carry a portion of water into the barrel, 
until at last the barrel is filled and the water runs over the top ; 
the pistons succeeding each other in regular rotation, produce a 
constant stream as long as the pump is worked, and water sup- 
L plied from beneath. ^^m 

Wf The chain pump, if tight, is attended with a great degree of friction. 3^^^H 

™ is sometimes inclined, and is then found to raise n greater quantity ^^^ 

of water to the same height. The chain pump placed vertically, is 

principally used on shipboard. The inclined chain pump is used in 

» draining coffer dams, and in other places where hydraulic erections ^^J 
are going on beneath the level of the water. ^^H 

435. The principle of the Common Pump has already been ^^fl 
explained ; the difference that exists anvon^ TO5idiM(is% oS. *»s, 
iind, arises in part from the cQns\t«.c,Uon o'i "^^^^^ -^^iiw^s,-, ^'\- 
^Mfcese. there is a very great vatieXy. 
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(1) The common valvej ihis is alriutuin ofa solid cone ot' 4^^| 
ihst falls into a hollow fnislum or socket, that it nearly fills up ; 
to the top of the solid frustum is attached a piece of leather of a 
circular form, that is larger than its greater base, and thus covers 
the space between the hollow and solid cones ; one side of the 
leather is 5rnily fastened to the hollow cone, and the valve plays 
around this side as upon a hinge. 

(2) The butterfly valve is in two pieces, and the leather is fastened to 
a solid piece that crosses the socket in the direction of its diameter ; 
the two parts of the valve moving on this as a hinge, have a motion 
that resembles the action of wings, hence the name. 

(3) In the pyramidal valve, the socket is square ; from its angles rise 
four pieces that meet at an apex like the edges of a pyramid ; the 
valve is composed of four triangular parts (hat are leathered, and 
fastened down to the sockrt ; it ojiens from the apex of ihe pyramid, 
and when open, the parts lie against the sides of the pump. 

(4) The triangular valve ; in using this, the barrel of the pump and 
the socket of the valve are made square ; the valve is in two portions, 
of the figure of a right angled triangle, and the leather, which is 
square, is fastened down to a piece that crosses from angle to angle 
of the socket in the direction of its diagonal. 

These four valves may also be constructed of metal as well as of wood 
and leather ; in doing this, the parts are ground to fit each other, and 
for the flexlbilily of the leather, hinges of metal are employed. The 
remaining valves that we shall mention, are always constructed of 

(5) The conical valve ; in this a solid frustum of metal is groimd to 
tit a hollow one ; as the lirsi is raised, a passage is opened between 
them, and it is prevented from rising too high by a key that arrests 
its progress, and on its return, guides it back to its proper position. 

(6) The spherical valve ; Ihis is a sphere of metal, hollow within ; the 
socket is ground into the form of the zone of a sphere, and thui 
valve adapts itself to its cavity in whatever direction it falls. 

(7) The sphere 



which is 
other. 



made very light, and to enable it lo. 
rod of metal, at the lower extremity 
weight ; this va\ve isYesaWViVe \o\ie clvokedthan any 
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The limii of the height to which a common pump will raise water, 1*1 
about 34 feet, as has been already explained. 

436, The Lifting Pump consists, like the common one, of a 
barrel and two valves ; in it, however, the upper valvfe is filed in 
the barrel, and it is the lower valve that moves in the piston. 
The piston is moved beneath the surface of the water by an iron 
rod of the form of a stirrup. When the piston is depressed the 
valve opens, a portion of water passes through it into the barrel ; 
when the piston is drawn up it lifis the water upon it, and forces 
■^e air contained in the barrel through the upper valve ; when 
the piston is again pressed down, the upper valve closes, 
prevents the admission of air, and more water is admitted 
through the lower valve ; after a few strokes, the water will rise 
through the upper valve, be lifted at each elevation of the piston, 
and prevented from returning at each depression by the closing 
of the upper valve. 

The power of this pump, or the height to which it will raisi 

limited only by the strength of the materials, and the intensity of 
the moving power. The common pump may be converted into an 
, engine that shall combine the effect of the lifting pump with its own 
by making its pislon work air tight in a collar of leather, and adapt- 
ing an ascending pipe instead of a spout. See Rees, article Water. 

The lifting pump may be made with a solid plunger ; in this form it 
has two pipes that open into the upper part of the barrel j oae admits 
water from the well when the piston descends ; throughthe other, the 
water is lifted as the piston rises; both pipes are furnished mth 
valves opening upwards, that prevent the return of the water. 

437. The Forcing Pump has a solid piston that works in the 
barrel ; at the bottom of the barrel is a valve opening upwards 

permits the water to enter when the piston is drawn up, but 
^prevents its return ; near the bottom of the barrel is introduced 
ascending pipe with a valve opening upwards ; at each descent 
the piston the water in tlie barrel is forced up this pipe. 



4 
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In the Ming, and in the common \iump,x\\e-wW.eTSa x^assA. 6»svm^'&!i& 
ascent of the piston, in tbe fottmg ^am^ ivKwi^'Ws- iK^twavoa- 
pipe is frequently adapted to tWYowex vaVic o^ 'C&e ^ost-iM?,' 



I 



I 



W(4 Outlines of Natural Pkiloiopky. 

not exceeding in length the limit of the 
way the effect of the two may be combined. 

Ill the pump of De la Hire, the lifting and forcing pumps are combined, 
and thus TTBler may be raised by a single piston both inita ascent and 
descent. In this pump the moving power is resisted by but half tfae 
friction that would oppose it were two barrels used. 

The forcing pump that is most commonly used in England, is the in- 
vention of Sir Samuel Marian d ; its barrel is not ground smoothaiid 
the piston fitted tightly to it, but the piston consists of a solid plim- 
ger of a cylmdrical form nearly as lai^e as the barrel of the pump, 
which it does not touch at any point ; this plunger works air light 
in a collar of leather, and in descending diminishes the capadly 
of the barrel, while in rising it increases it. 

This kind of forcing pump is preferable to any other. There is a 
little nicety to be observed in making and fitting the collar of Ic 
for which, see Rebs, article Water. 






' 438. To eqnaliie the discharge of water from pumps, 
Teisel is adapted to the ascending pipe. This, which may be a 
close chamher of any figure, cotninunicates with the ascending 
pipe at its lower end ; at its upper end, a pipe is inserted, reach- 
ing down through the chamber nearly to its bottom. The ac- 
tion of the pump will force water into the air vessel ; the jur be- 
ing thus condensed, will by its elasticity endeavour to regain its 
former space, and equalize all sudden motions in the pipe. 

439. The Fire Engine consists of two pumps, that force 
water into one common air vessel ; they are placed in a wooden 
cistern, and the whole mounted on wheels. 

440. When the height to which water is to be raised is small, 
a pomp may be constructed in which the piston does not require 
to be fitted closely into the barrel, nor are any leathers necessa- 
ry. The barrel of this pump must be as long as the whole 
height to which the water is to be raised, and as much more as 

the length of the stroke of the piston. The piston is a solid 

k piece of wood, fitted to the ba.tte\ a?, c\ose\^ ■*.% \v twti\ift -wSii.- . 
oat actually touching; ; it must \)e ■as, \oTvg a.?. i\v« >i«roajfcfi|J 



n that when it is let down, il will occupy the whole Interior 
the barrel, except the small space that is left to prevent their 
surfaces from coming in contact. The bottom of the barrel has 
a valve opening upwards, and a pipe rises from its lower part to 
convey the water raised by the pump to the reservoir. This 
pipe has a valve opening npwards, to prevent the return of the 
water from the reservoir, whose altitude must be less than 
the height of the barrel of the pump. 

When this pump in fixed for work, tlie lower end must be immersed 
as ki into the water us • is equal to ihe length of the stroke of the 
piston, so that the lower end of the piston may never rise above the 
level of the water. When the pialon is drawn up, the water enteri 
the barrel to the height at which it stands in the well by its own' 
pressure ; when the piston descends, it forces the chiei' [liui of t\ 
into the ascending pipe, while another portion rises bet 
pblon and (he sides of the pump. 

441. Pumps are sometimes constructed on Ihe principle of 
the common pump, but with a diaphragm of leather, in which 
the upper valve plays. These are subject to but little friction, 
and have no other fault but the liability of the leather to craclt 
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»OV THE WATER PRESS. ^^H 

443. If there be a mutual communication between two co- ^^H 
tnmns of any fluid, whatever pressure or effort may be exerted ^^H 
on the one, will be transmitted to the other in a ratio proportion- i 

al to the respective area of each column. In this sense, as we 
have already seen, every Buid is in itself a machine. 

^^ On the above principle, Bramab, au ingenious artist of Great-Britain, 
^r- has constructed a water press engine that goes by his name. This i 

isnowapplied toavery great extent, in various departments of the ^^^d 
useful arts ^^H 

Il consists of a small forcing pump, wliose plunger works through ^H^j 
a collar of leathers like the pump of !VIoi:\m\4 -, '>^\>s ^vi«. ■* «sk,- ' 

charge, which has as usuala vaUco'pewn^xx?'sM6s.,Ss.csH^'i>iw^ 
horizontally, and enters a c>fAitidet , wVoat Siajo-Aw X-^ w«»^ -e"^^ 
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than that of the pump ; to this cylinder 19 adapted a partem that 
works in it water tight. When the plunger of the forcing pump is 
pressed down, water is forced into the cylinder, and acts upon the 
piston, on which it presses with a force as much greater dian that 
which presses on the plunger of the pump as the ilrea of the sec- 
tion of the former is greater than the area of the section of the latter. 
If this ratio be multiplied by the ratio of the arms of the lever, ap- 
plied as a pump rod, to each other, we shall have the proportion be- 
tween the power applied to work the press, and the pressure it is 
capable of producing. See Hachette, <^ 173. Rees, article 
Press. 



OP WATER WHEELS. 

443. A circular motion may be produced either hy the im- 
pulse, by the weight, or by the re-action of water. 

Undershot wheels are examples of the first of these methods, Breast 
and Overshot wheels of the second, and Barker's mill of the thinL 



In the undershot wheel, the water acts upon leaves or float boanJb^ 
passing beneath the wheel in a current The properties of this ma- 
chine have been investigated anal3rtically by means of the hypothe- 
sis we hav^ already employed, and very accurate experiments have 
been made on its action by Smeaton. We ^hall give the theb^retic 
deductions, and state how far tliey have been found to agree with. 
the experiment. 

444. If a stream of water impinge upon the float boards of an 
undershot wheel, and escape from it the instant after it has made 
its impact, the quantity of water which actually strides the 
wheel will be to the whole quantity that passes by itin a given 
time, as the relative velocity of the wheel to the absolute veloci- 
ty of the water. 

Hence, the force exerted by tVie walettot»mVii^vj\v^,\&^ifiMt%n^^ 
of the relative vetecity of tte wlateV. Oi;s^oo^^,^ Afi^, 








445. The effect produced by an undershot wheel, is a maxi- 
1 when its absolute velocity is one third of the velocity of 
ViAe stream. Gregohy, § 470. 

By experiment, this is founil to vary between ^ and ^ ; the reaaon of 
this is, that the water Joes not escape immediately after impact, but 
is coniiiied by the channel. 

, 446. If the velocity of the stream be ^ven, the effect is 
the quantity of water expended. 

This b fully cmfinned by the experiments of Smeaton, as are also tbfr 
following corollaries : 

{1} Where the expense of the water Is the same, the effect is 
aqiiare of the velocity. 

(2) The expense of water being the same, the effect is as the height of 
the head of water, or rather of the effective head. 

(3) The aperture being the same, the efiect will he as the cube of the 
velocity. GseooBr, ^ 471. Sheatdh, Enperimentai Inytdri/, p. 
15, etseq. PuiLOSOFHtcAi. Tbansactions, for 1759. 

It was formerly believed that the floats on an undershot wheel should 
be so arranged, that when one was perpendicular and fully immersed 
in the stream, the preceding float should be just leaving, and the 
followingone just entering the water. By Smeaton's experiments) 
it would appear that this is not true ; he found thai, In his apparatus, 
power was lost when the number of floats was diminished below 24, 
and that no power was gained by increasing that number. With 24 
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^^ floats 3 are constantly immerseij, and this appears lo be the rule beat ^H 
^F adapted for practice. Smeaton, p. 24. ^^| 

^r The effect produced by an undershot wheel is to the power as 3 to 10, ^^| 
^H" Smeaton, p. 23. ^^M 

447, In the overshot wheel, the water is received in buckets | 

placed upon the circumference where it acts by its gravity ; it is 
sometimes admitted at the top of the wheel without exerting any 
impulsive force, at other times it is permitted to atttj-j >^'5' \«Mgt- 
lus. In Ike breast wheel, only \\aU xW\iacVfc\?.m^'i.'e^w.-i''^t'«is.- 
Areace, or even fewer, ace fitted wyi\v wavet , vv^Qeav^ ■jAwmr*^"'^^ 
be extremity of. or beneath the hoi'ixottW^ Sva-TO*^  ^H 
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448. The effective weight of water in an ovenbot wheel, tt^ 
be compnted by mnMjdying the quantity, in each bucket by the 
rine of the angle which the diameter, passing throng^ the centre 
of gravity, makes with the vertical diameter. Gkcgokt, % 474. 

IT the number of buckets were 12, and all supposed equally fiill, die 
real weight of the water would be to its efledtive weight a> 1 to 
.622008. 

If the number of buckets were 24, the real weight would be to t^ ef- 
fective as 1 to .632214. 

If the number of buckets be so increased dial the wei^t mi^ be con- 
sidered as difiiised equally over every portion of tbe semi-circumfe- 
rence, the real is to the effective weight at 1 to .63662. Guooar^ 

§474. 

449. Supposing the wato' to act partly by impulse, and part- 
ly by its weight, an overshot wheel will be, theoretically, in its 
greatest perfection whea its height is two-thirds of the head of 
Water. 

In practice, many inconveniences are found to result from admitting 
the water to act by its impulse ; and it is ascertained by eq>erim|nt, 
to be best to make the height of wheel nearty equal to tbatbf the 
fall, and to admit the water with a velocity but. little grecter dun 
that of the circumference of the wheel. Shbaton, p. 81. 

450. The efficacy of an overshot wheel is to that of ao da- 
dershot wheel as 13 to 5, when the head of water, tbe npeHnre, 
and the diameter of the wheeU, are equal. Gbzoobt, ^ 4T6. 

This theoretic deduction is not confirmed by experiment ; Smeaton 
makes the proportion between the two effects, as 2 to 1. Smbatok* 
p. 30. 

451. The more slow the motion of an overshot w)ie«F,the 
greater will be its power ; for the accumulation of water in 
wheels more than counterbalances the diniinutiun of tbe TckNa- 
ty } but there is found a practical limit to this, for if 

of the circumference become Aess iban tvom 1 » 
md, the wheel is no longer steady. a.v\4 w \vi 
ides. Smeaton, p. S-l. 
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452. Where a circular motion is preduced by the re-action 
of water, the machine is called Barker's Mill, after the name of 
the inventor. In Barker's mill, the water is introduced through 
a cylinder moveable about a vertical axis into two horizontal 
boxes that communicate with it. The boxes have openings at 
the sides in opposite directions. 

When the apertures are shut, nnd the whole fdled with water, the ma- 
chine is in equilibrio j but if the apertures are opened, the columns 
having these apertures for bases, will cease to press on the sides, the 
equilibrium will be disturbed, and arolary motion take place in a direca 
lion opposite to that in which die water issues. Plaipau, ^^ SOfi, 






453. If A be the sura of the areas of the two orifices, and 
k the height of the vertical tube, the theoretic effect of Bar- 
ker's mill will be A A, or equal to the whole momentum of the 
water expended. It would therefore appear to be the most ad- 
vantageous application of a fall of water. In practice it does not 
answer the expectations that might be formed from the theory j 
it is liable to great friction, and a centrifugal motion takes place 
in the vertical pipe, that diminishes the pressure of the head, 

tltlr. Rumsey, an Amerii^n, has proposed to remove this last incon- 
venience, by introducing the water through a bent tube from be- , 
, nealh the boxes. 

454. A variety of other ingenious contiivances have been 
proposed for the purpose of applying water as a moving power. 
None, however, have come into general use, wherefore it is un- 
necessary to mention them here. 

455. If a rotary motion be given to a breast wheel by a wind- 
mill, a steam engine, or any other mechanic power, it may be 
applied to raise water from one level to another. It is theo 
called the Fen or Flask Wheel 
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or VESSELS. 

The most important application of the theory of the motion of bo£tt 
in fluids, is to the subject of vessels intended for navigation. In 
the consideration of this question, we shall follow for tiie most part, 
Euler's Complete Theory of the Construction and ProperOes of 
Vessels. 

456. Whatever difference there may be in the constmctionof 
vessels used in navigation, we always find in thera this (Hie 
general property, that each vessel is composed of two per- 
fectly equal parts joined together in the middle, lengthwise. 

The section that divides the vessel into these two equal partstis called 
the diametrical section. 

As these parts are not only eqiial, but as care is taken to loai} them 
equally, the centre of gravity of the whole vessel must £dl in the 
diametrical section. 



When a vessel floats upon the water, if we sfuppose a plane to pass 
through the water line, it wiD separate the part immersed flrom the 
remainder of the vessel. The part below this plane is called the 
Hollow of the vessel, and its centre of gravity the Centre oftko 
Hollow. 

457. There are two conditions essential to the equilibrium of 
a vessel floating upon a fluid, viz. 

(1) The immersed part must be equal in volume to a mass of the 
fluid whose weight is equal to that of the vessel. 

(2) The centre of gravity and the centre of the hollow must be in the 
same vertical line. This line is called the Vertical Axis of the vessd. 



The centre of the hollow is always below the water line, but the cen- 
tre o/ gravity may be either aViove otV^Vvw ix. l\i Vbx^ vessdsi 
particularly in ships of war, it is ^bove iQnft ^w^\«t YsAft^Va 
boms^ &C.9 it is below. Etji^ebl^BooV.!, 



458, Were tlie parts of vessels firmly fastened together, i 
the materials inflexible, or if their figure were such that the pres- 
sure of the water upwards, and the action of the weight of the 
vessel downwards, were not only in general equihbrio, hut also 
in eqiiilihrio at every point on the hottont of the vessel, 
above conditions would be all that need be considered. But 
vessels are neither perfectly well fastened, nor are their ma- 
terials inflexible ; their shape, too, is such, that the equilibrium J 
between the two pressures does not take place at every point. 



If we conceive the vessel divided into two parts, by a transr j 
verse section passing through the vertical axis, and if we find ' 
the centre of gravity of each of these parts, and the centres of 
gravity of the corresponding portions of the hollow, the pressure 
of the water and the weight of these parts are in equiltbrio on- 
ly when the centres are situated in the same vertical line. In 
all other positions of these points, one or other of the forces actl>B 
to hend or change the figure of the vessel. 

Inshipaof the usual Agure, the lines of direction ofthecentresof gravity 
of the two parts fall farther from the transverse section than the lines 
of directioD of the centres of the corresponding poiliona of the hollow. 
The weight has therefore an action to depress the vessel at each extre- 
mity. This changeof shape is called Aq^^i'n^. Such is the intensity 
of this force, that all vessels of any considerable burthen have their 
shapes changed in some degree at the moment of launching ; and it 
acts continually while the vessel lasts. To lessen the effect of this 
cause, Seppings has proposed to substitute diagonal trusses in place 
L ofthe ceiling plank of vessels; and his plan has been found eSectual i 

B in several ships built under his direction for the British navy. See 

^L'^ QuAETKRLT Revibw, for 1S12. 

^^ 459. When a vessel, by the action of the wind, or of any 
"other cause, becomes inclined, one of the three following conse- 
quences must happen : 

(1) The vessel may remain in tliis inclined si 
the equiUbrium is insensible. 

(2) The vessel re-establishes \X3t\t \)^ "ivs ovi^ (i'Su^^ 
situnlion, when the equilibTium w\\\ \i& v^^tas 
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, (S) The vessel, after being inclined, is entirely overttmed ; this equi- 
libriom is called unstable or tottering. 

Neither the first nor the last of these ought to take place in a vessel ; 
the second b absolutely necessary to insure stability. 

460. When a vessel inclines, the position of the centre of gra« 
vity remsdns unaltered, but the centre of the hollow changes its 
place ; if it change its position so far that the line of direction 
of |he centre of gravity falls farther from the vertical axis than 
the vertical line drawn through the centre of the hollow, the 
equilibriom will be permanent, and the vessel will restore itself 
to its original position ; if the line of direction of the centre of 
gravity falls without the vertical drawn through the centre of the 
hollow, the equilibrium is destroyed. 

Where the external force acts to depress either extremity of the vessel, 
and the vessel tends to restore itself to an upright position, the mo- 
tion is called Pitching ; where the inclination is to dther skte, the 
motion is called Rolling. 

4Q1. The figure which the section of a vessel ought to have, 
in order first to resist an effort to incline it, and then restore 
itself^ lias occupied the attention of analysts^ It appears from 
tbeif researches, that if the sections in planes parallel to Uie di- 
rection of the disturbing forces he all circular, and have their cen- 
tres in a line passing through the centre of those foraS| die sta- 

bility will be the greatest possible. 

 ■■* >'■••" 

This is also confirmed by experiment, for a quarter af' die ilUfaiflf a 
cocoa-nut, or of the skin of an orange, if thrown iaio diM ^nMK'Will 
fioat with its extremities elevated above the fioid, and jadB the 
efibrt of the winds and waves to overturn it, or depress Its extremi- 
ties. 

From a consideration of this circumstance, Mr. Greathead was led 
to the invention of his life boat : for an account of which, see PM- 
losophical Magazine. 

462. The stability of a vessel will also depend upon the pro- 
portion between its depth and bTeadAi, \s?pQiiX^e ^^Ks^ticMmL Wl"^ 
centre of gravity, and of the centre ot liieSv^i 



jw** 



When llie vessel is propelled by sails, the lesl named point is called thC 
Centre VeUquf. 



lu canal boats, vessels propelled by oars, Ac, (he centre of g ravity \tm 
below the surface of the water ; in many merchant ships, and ii 
vessels of war, the centre of gravity is above [he water Une. In 
the latter case, the breadth of the vessel can never be safely leas 
than half her draught of vater. This is of great practical impor- 
tance, for many builders consider, that by increasing the depth of a 
vessel herstability is augmented, when the reverse is in fact the case. 



» 



463. As long as a body immersed in a fluid continues at rest, 
all points of its surface sustain equal pressures ; but as bOOd as 

> to move, it is acted upon by another force that is di- 
fectly opposed to its motion ; this is the resistance of the water- 
As from theory it would appear, that the same resistance will take 
place whether a body move in a fluid with a determinate vdocity, 
or the fluid move and strike it with the same, the investigation of 
the law whidi obtains in the one case, will hold good in the other. 
The following theorem is therefore applicableto the motion of ships, 
as well as to the action of their rudders and sails. 

464. If a fluid in motion impinge against a plane, the force 
tvitli which it strikes will be proportioned to the specific gra- 
vity of the fluid, to the area of the plane, to the square of the 
velocity of the fluid, and the square of the sine of the angle at 
which the plane is inclined to the direction of the course of the 
fluid. 

B Or, if /represent the force of the fluid, g its specific gravity, o' tlie i 
^ area of the plane, v the velority of the fluid, and o the angle of | 
obUquity : 
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This theoran may be submitted to the test of experiment, by making 
use of a vessel of the form of a parallelopiped, and ^^yingto it 
wedges of equal bases and unequal heights ; and it will be foond 
among them to be nearly if not exactly true. 

When a vessel of the figure of a parailelopiped moves throng^ water, 
the fluid, in consequence of its viscidity, does not close immediatdy 
behmd it, and thus a runupreMSure takes place. To obviate this, a 
wedge may be applied to the stem as well as to the bow, and the 
resistance will be found to diminish. 

In consequence also of its viscidity, the fluid opposesa greater resistance 
to a wedge with plane surfaces, than to one whose smfMses are car- 
ved. And the wedge at the stem is better supported if It be carved 
also. The best form for the curves at the bow is found to be con- 
vex outwaids, and that for the stem concave. If these be jwied by 
a regular sweeping line instead of a straight one, thus removh^ afi 
the angles, the resistance will be still further diminished. We thos 
anrive at the species of curve that the water lines of vessds 
should be composed of, and we find figures of the same kind adc^ 
ed by nature in the shape of fishes, &c. 

465. The action of the wind upon the sail of a vessel is soch 
as would propel it in a direction perpendicular to the sail, provi- 
ded the vessel were equally resisted in every direction, oir were 
of a circnlar shape. As a vessel is less resisted in the direction 
of its length than in any other, the true course can be perpen- 
dicular to the plane of the sail only when the latter is perpendi- 
cnlar to the plane of the keel, and in no other case. 

We consider the course as being in the plane of the keel, and wpjpiy a 
correction according to circumstances, that is called ibeJLed'Wi^. 

The lee-way will decrease with the increase of the length of the vauel, 
of her depth, and of the angle that the wind makes with the |dane of 
the keel, and with the sails ; but according to ratios diflering in 
every difierent vessel. 

466. Vessels kre either rigged with square or with fore and aft 
sails ; in the former, the yards may be braced until the angle 
Aeymake with the pluie of the kee\ u Te^uce^ xo ^^ ^ ^ ^ea 

^little le$s; in th^ ktter, the sa31« \iaxisVn^<& ^\»nft ^Ixky^Vi^ 




Mirhame,. 



f 



' the wind bu ^^M 
bt 



^ 



I but cannot be used to advantage until the action of the V 

I changed their position, and they make an angle of at least 30° 

I Vith the keel. The primitive position of square sails is at right 

angles to the keel ; fore atid aft sails may be used in the s 

position. 

By considering the actioo of the wind upon these sails, the possibililyn 
of plying to windward may be seen ; thus, as a square rigged vessel 
will receive the wind in its sails, and be propelled nearly in ihe plane 
of its keel when the apparent direction of the wind makes an angle 
mth the keel no greater than 45'^ ; two courses, upon different 
tacks, wiU bring the vessel to a point directly to windward of that 
whence it first set off. 

We say the apparent direction of the wind, because, when a vessel ii 
in motion, the direction of the wind, as observed on board of her) it 
different from the absolute direction. 

Vessels with fore and aft sails can lie still nearer the wind, and ther» J 
/ore can ply to windward with greater advantage. 

Of all vessels, the flying prow of the Ladrone Islands lies r 

the wind ; the periauguas used in the harbour of New-York alao lie 
very close to the wind ; but of all fore and aft rigged vessels, the 
American pilot boat appears to combine the greatest number of ad- 
\-aniages. 

467. Ships and all other vessels are found to sail best when 
nearly in an upright position. As the action of the wind in ob- 
lique courses, lends to make them heel towards the lee side, it is 
a matter of no small importance to make the inclination as little 
as possible. 
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The force exerted by the wind upon the sail in propelling the vessel is 
proportioned to the surface of the sail ; but that exerted to incline 
the vessel, acts upon the arm of a lever, and is therefore proportion- 
ed not only to the surface of the sail, but to the length of the mast. 
Hence it is a good rule, when the quantity of sail is to be increased, 
to do it rather by increasing the length of the yards than that of the 
masts. 

it68. Masts should in geneva\ tim\vct Van. \n-«^-^^a, "^^"^^ 
the stern of a vessel. In t\\e fotmcT <i*?.« . '^"''i ^^ .^HB 
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pfrcM and bury the bow in the water ; in the latter, a part of the 
power b lost in unnecessarily raising the bow from the water. 

The natural action of masts, even when perpendicular, is to depress 
the bow ; hence vessels are generally buOt so as to have, when at 
rest, a greater draught of water at the bow than at the stem* 

Masts leaning aift are, however, sometimes advantageous, when the 
vessel is sharp built ; that part of the force exerted to raise the bow 
from the water is not then lost, but tends to make the motion of the 
vessel more rapid, particularly in high seas. 

469. The Rudder is applied to vessels for the purpose of 
guiding them and changing their course ; were the vessel a pUme 
surface, placed vertically in the water, the rudder would «eC whb 
the greatest force when it makes with the ked an an^ of 54^ 
44'. EuLER, book II. 

In consequence of the wedge-like form of the after part of a vpw^l, an' 
angle of from 45^ to 48^ is found to be the best in praetice. 
EuLsa, ib. 

In oblique courses, the action of the rudder is much mere powerloDy 
exerted to turn a vesselfrom than towards the wind ; h aHat this 
reason that the manoeuvre of veering OMHloften be resorted to in- 
stead of that of tacking. 

470. The time in which vessels whose breadth and depth aoe 
equal take to perform the manoeuvres of tacking and veering, is 
propordoned to their length. 

This gives the limit in practice to the length of a vessel, which could 
not be too great, ware we merely to consider the facility of passu^ 
through the water, and the dimiuMtion of the ke-way. The wual 
pioportion of the breadth to the length of vesseb jiavigating the 
oceauiis between 1 : 4 and 1 : 3. 

471 • When ships of a great draught of water are to be trans- 

ported over shoals, they are fitted to a machine that is called 

the Camd. This consists of two large hollow cases of timber, one 

side of each of which is of such a form aa to asp^kYs \M%\E c^oMk] tsi 

t^coavexity of a ahip'a figure. These casfta aa^ \mmi^«Ml 

mkp bXopes^ng ]^ugB, one on each side oi tbeNtemiSi^ V 
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lightened ; lUe plugs are then shut, and liie water pumped fl 
L the cases rise, embrace the ship, and lift it up with them. 



These machines are principally used in Holland and in Russia. 



EAH ENGINE. 



472. The Steam Engine is a machine where the expansive 
force of the elastic vapour of boiling water is applied, u a 
moving power to overcome an^ resistance whatsoever. It was 
originally a machine of little power, and was for a long time 
considered as applicable to but one purpose ; but it has, since 
the time of Watt, became the most powerful of all those instru- 
ments by which natural agents are applied to the increase of 
human energy. We shall mention the several forms under which 
this engine appears to have existed, in a chronological order. 

(l) Brancas, an Italian, appears to have been the first person who en- 
tertained the idea of using steam as a moving power ; he proposed 
to apply the vapour issuing from the mouth of an Eolopyle to fans 
or saib placed on the circumference of a vertical wheel. 
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(2) The French claim the invpntion of the steam engine for their 
countryman Papin, known as the author of the digester. His pro- | 
ject appears lo ha\ t been similar to that of ^^m 

(3) The Marquis of Worcester. In this engine, the steam was raad(i^^^| 
to act upon the surface of water enclosed in a vessel by a valve, andt^^^^ 
lo drive it up by a rising pipe, in the manner of a farcing pump. 

(4) Captain Savary, who firsl executed a successful engine for the pur- 
pose of raising water, applied the steam on a principle composed of 
those of the common and forcing pump. In his engine, an. ascenil- 
ing pipe reaches from the water of the reservoir to a chamber, the 
height of the upper part of which is less than 54 feet ; if this 
be filled with sieam, the water will rise into the vessel as soon as it 
is condensed, and will be retained there by the valve of the ascend- 
ing pipe ; ifanoiher pipe be adapted to the bottom of the tttKwfesK^ 
furnished with a valve opening upwards, m\A\^ s,\KKBi\i«:*&.TO!»sA-ssA. 
made to act on the surface of the waier ,"rt, ■wWWift &w«^ "^^^^^^s. 
the second pipe to a height that w\U \i« i«Wfn««e* ^'J ■4*«'^^ 

(oFce of the steam. ^^M 
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In the machines of Savary, Papin, and Wottester^ much heat is lost 
in consequence of the steam coming in contact with the cold water^ 
and with the sides of the chamber, after it ims been cooled down to 
the tempera^re of that fluid ; they therefore use much fuel. 

(5) In Newcomen and Cowley's engine, the steam was introduced be- 
neath a piston fitted air tight into a cylinder ; when the steam was 
condensed, the piston fell, being forced down by the pressure of the 
superincumbent air ; when steam was again admitted beneath the 
piston, it rose, in consequence of its being more than counterbalanced 
by the weight of a pump rod attached to the opposite extremity of a 
beam vibrating upon a prop. Thus, a reciprocating moCioo wbs 
produced, and applied to the purpose of wocking a forcing pump. 

In this machine, the atmosphere was evidently the movii^ power, and 
the steam merely applied to restore the equilibrium and produce a 
vacuum. 

This engine is imperfect, in consequence of the great waste of steam ^ 
for this is introduced into a vessel exposed to alternations of heat and 
cold, in such a way that it can neither preserve the heat neceanury to 
the full elasticity of the steam, nor become cold enough to produce 
its complete condensation. 

For these reasons, the engine of Newcomen, in its best state, never ac- 
quired a power due to a pressure of more than 7^ pounds per square 
inch upon its piston ; whereas the whole pressure of the atmosphere 
is double that quantity. The causes of the imperfect p^ormance 
of these machines depend on the doctrine of latent heat ; and until 
tins was discovered by Dr. Black, no adequate remedy could be 
applied. 

(6) The celebrated James Watt, the friend and pupil of Dr. Black, 
applied the principles of the doctrine of latent heat to the improve- 
ment of the steam engine. This he did by adding a separate vessel 
for the condensation of the steam. He called this vessel the conden- 
ser, and the effect it produced was such as to raise the power of the 
atmospheric engine from 7^ to 12 pounds per cubic foot. 

•With thu addition. With more perfect workmanship, and more r^ular 
motion, (the latter of which is secured by the use of a fly,) the steam 
. ea^ie m known by the name of the Singh or Atmospheric Engine 
'^.c/Watt. 
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(J) The Atoiosplieric Engine is incapable of being applied to pro- " 
duce any other than a reciprocating motion. In order to oblain a 
circular motion by means of the steam engine, Watt introduced 
steam both above and below the piston j in this way it is not only 
employed to form a vacuum, but becomes itself the moving power ; 
it is not limited in its aclion to the limit of ihe pressure of the atmos- 
phere, but may be extended to pressures of greater amount per 
square inch. These pressures will depend upon the heat of the 
steam employed. 

(S) This part of Watt's plan was not extended by him farther than to 
steam of a temperature a little higher than that of boiling water. 
It Ijeing discovered that the elasticity of steam increased with the 
squalls of the increments of temperature, steam is now employed 
at higher temperHtures, and with much greater expansive powers. 
Engines where steam of this character is employed, are called high 
pressure engines. In a high pressure engine there is no condenser, 
but the steam is permitted to escape into the air. The steam is ad- , 
mitted alternately above and below the piston, and the action is due 
to the difference of the expansive energy of the high steam on the 
one side, and that which is issuing into the atmosphere and losing its 
temperature on the other. 

Although the elasticity of steam increases with the square of the in- 
crease of temperature, this is not attended with the advantage it 
might appear at first sight lo possess ; for it seems, from laie experi- 
menls, that the consumplion of fuel is proportioned to the elasticity 

of the steam. 



In tlie old atmospheric engine, the rectilineal reciprocating motion ol 
the piston rod was adapted to the circular motion of the end of the 
beam, by means of chains ; these applied themselves to successive 
portions of a circular arc whose radius was the distance of the ex- 
tremity of the beam from its centre of motion. The same contri- 
vance was adopted at the other end of the beam, to change the re- 
ciprocating circular motion communicated to it into the rectilineal 
motion, suited for working the pump rod. 

In Walt's first atmospheric engines, v\ve same ^tv  

p Jio»ever he planned the ioub\e ex\^wifc,"sV««i *« 
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to be forced dowo as well as drawn, upi he contrived an apparatus, 
by whidi a change might be effected, and the force of the ascend- 
ing and deMending piston made effisctive to produce reciproca- 
ting areolar motions. This contrivance goes by the name of the 
Parallel Motion. 

The principle in its simplest form is as follows, viz. 

473. If two of the adjacent angles of a parallelognun be 
made to describe concentric circles, so that the side between them 
passes throagfa their centre, and one of the remaimng angles 
another circle having its convexity opposed to that of the two 
former ; then the fourth angle of the parallelogram describes a 
Kne that does not differ sensibly from a straight line. Platf air, 
^ 355. Pbont, ^ 1478. Rees, article Parallel Motion. 

474* To convert the reciprocating motions into continuous 
circular motions, Watt invented several ingenious contrivances 
acdng on principles similar to those of a crank. The earliest of 
these was known by the name of the Sun-Planet wheel. 

475. In the old atmospheric engines the valves were opened 
and shut by hand ; after a time rack work was applied to this pur- 
pose and worked by the machine ; this b still employed in some 
of the late engines. A more neat contrivance for this purpose 
is the eccentric motion ; of this, there are two kinds, one by 
Murray, of Leeds, the other by Watt. See Rees, article Steam 
Engtne. 

476. Most of the valves that are applicable to pumps, (see 
^ 435,) have, at different periods, been adapted to the steam en- 
gine. There is aliso' another, that appears preferable to any of 
them ; it is known by the name of the Slide Valve, 

477. To regulate the admission of steam into the cylinder, a 
Governor is employed ; the production of steam is itself regula- 
ted by a self-acting damper, that increases or diminishes the 
draught of the chimney of the furnace. 



479. In converting a reriproontiDg rectilineal into a conti] 
I Oils circular motion, by means of tbe working beam and parallel 
j motions, a small portion of the force is lost, in consequence of 
obliquity of action. More is lost in consequence of the irregu- 
larity of the motion of the piston ; the velocity of this is con- 
tinually accelerated during the first half of its descent, contiaually 
retarded during tbe second, and is for an instatit at rest ; it then 
returns in the opposite direction, with a motion that is for a time 
accelerated, reaches its maximum, and is again retarded. 

For this, no adequate remedy was discovered by Watt, for the best 
workmanship and the heaviest Jly will not entirely overcome the de 
feet. It has however been met, and fully corrected by Francis Og- 
<]en, an American engineer, lo whom Watt paid the compliment of 
i;recting, for his own purposes, an engine on this construction. 

479. In Mr. Ogden's engine, there are two cylinders that are 
so arranged, that tlie motion of one shall be at its maximum when 
that of the other is null. The velocity of the impelled point of 
Ac machine is therefore very nearly uniform. 

480. Besides the original purpose of working pumps, and 
thus drawing water from a great depth, steam engines are now 

iployed to propel machinery of every possible kind ; to impel 
boats, and to draw carriages upon rail-ways. 

It is also said that they have applied them of late in England, 
to draw carriages upon common roads. An attempt of the same 
kind has likewise been made in Pennsylvania. 

The earliest idea of the possibility of propelling boats by steam, seems 

lo have originated with Savary ; he even mentions the method of 

paddle wheels as the one he would propose lo use. No practical re- 

suit however followed from his theory, nor could his engine have 

^L been used for such a purpose. Watt has intimated in conversation, 

^L, that he had at one lime entertained views of attempting to apply 

^K| sleam lo navigation, but was prevented by the pressure of other bu- 

^F siness connected with bis engine. 

Bfc«leara-boals appear to have been icWaWv wjnaU^aOfcft.a^^-^'f'^'^'!^^ 
»■ fey Miller, of Daiswinton, and Symm?^o« w*^'^'^'^^^'^"*^ ^H 
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At«, necessary that die sail ihould be mcUned ttf thtf vertical 



When a gurface at rest b acted upon by a fluid in motioii, the n 

ortbe force by which it would be carried in a direction peipendicu- 
^. l^tatlw.coivKoflheauid is etttSn^ when the [Jane ^dctawith 

..- t^ dtvc^on of the current Buangk of M*^ 44'. Whe« t£e nriace 
. , hfftM no^o^ around a fixed axis in the prok)iigaliai «€ ctW of its 
ndes, this condition is found no longer to hold good, ner n there aiy 
c<Nutant ang^e at which every part of the saH ou^t to be indiMd to 
the vertical plane. Those pitrts lUch are nearest to tfasailiiie 
most inclined, and ihoss most dbttM are ieas so; the greattlt ugfe 
of indinatuKi in practice b 23°, and It b gnteB^ rthninbted to 0°. 

In tfae TOtiGal wiBd-mill, the pressure tt Ibft vmd ads upon the sul 
during Its wbole coarse ; all the four saOi, therefiMre, concur in pro- 

lUM laid down a number of maxims in relation tQ windnaiUs j 
may be found in the Philosophical Transactions, and a lk 
separate editions of his works ; they are also detailed at leitg u nl y - 
OuooET, in his 2d viatmae, by H^iiatf^i,^ 1S9, Md !■ HtK' 
article ^a<i4)ttff.  r-.j(j*,.l; . 

^$. HoriioDtal wmd-Dullt havelteai wnetiiiws e 
IWftitkiy are foond to be mich )es« powerfnl than tfioW HWcb 
«Bi*«ttral. Tb^ efiral ifmtrii^, by the entohiidiU of 
Sntliten, tobenomon-'tlHAf ^Aat pivdnced by a'^ior^ 
ifJUf^wD, whose sails aK.nftgpd^ dimensions. < 
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PHYSICS. 



SECTION FIRST— HEAT. 

487. Among the first circumstances that would attract the 
attention of the inquirer into Physical and Chemical subjects is, 
the powerful and active agency of Heat. We find it continually 
employed both in the processes of nature and of the arts ; we 
perceive its effects upon our own organs ; we find it destroying 
some substances, melting others^ rendering others luminous, and 
converting others into vapour. When its action is less intense, 
it alters-ih^aimensions of bodies, and changes their volume. 

Most philosophers regard Heat (or, as the Fraich schodi call it^ Calo« 
rlt) as a material substance, to which is at tr i b u te d severed of die 
properties found in ponderable bo<Jties, such as dasticity, compressi- 
bility, and the power of altering into combinalioo with other bodies. 
Others again refuse to admit the agency of a specific substance. 
For the present we shall avoid the discussion of the relative merits 
of die two theories, and shall treat of the effects produced when bo- 
dies are heated; making use of the term Heat to denote the hidden 
cause of tiiese phenomena. 
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OF BEAT CONSIDERED AS EXPANDING BODIES. 

488. It is a general law of the acdon of Heati that when it if 
applie4 to bodies their dimensions are increased, and when they 
are again cooled their dimensions become less. This effect on 
the one hand is called expansion, on the other contraction ; it is 
fomid to take place in all the different classes of bodies, whether 
solids, liqoids, or elastic fluids. 

(1) The expansion of solid bodies b less perceptible than that of fliudiy 
being but trifling when the heat is distant from that at which they 
melt. It may however be rendered very evident by a variety of exr 
periments: 

When long lines of iron pipes are laid to conduct water or gas, and 
have flaunches connected together by bolts and screws, the differ- 
ence of their lengths in summer and winter is so great, that*it is ab- 
sdntriy necessary to place at intervak, joints where one pipe can sliAe 
freely into the other, otherwise the flaunches would be torn asunder. 

We have already, in Vol. I. spdcen of the effects produced on the pen- 
dulums of clocks by change of temperature. 

A bar of iron that, when cold, will just pass between two parallel planes, 
and just enter into a hole of a figure similar to its own sectioii, n -to 
cKlated by the application of heat that It will no longer do •ocber. 

(2) The expansion of liquids may be shown by enclosing a small 
quantity in a bob head, or in a Florence flask to which a long and 
slender Jieck is. attached; if the apparatus be immersed in bdlmg 
water the fluid will after a short time rise rapidly in the netk of the 
vessel. In this experiment it will frequently be ob&erred ikaX &e 
liquid wUlsink in the neck when heat is first applied; this arises 
from the expannon of the glass vessel itself, which is at first ereater 
tban,can be counteracted by that of the liquid. 

(3) If a bladder only partially inflated with air, and tightly dosed, be 
immersed in boiling water, or heated in any other manner, it will 
soon be distended, and finally burst. If a flask be heated, the air 
win expand and pass out; and if it be inverted, while warm, In U li- 
quid, the'liquid will rise into the flask as it cools. 
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489. We make use of this property of heat in construcUag an 
iostniment lo measure its intensity. This instrumeat is called a 
Thermometer; its form and exterior appearance are bo well 
known that it is not necessary to describe them. 

The first Thermometer on record was constrficted by Heron of Alex- 
andria, about the year 250 of our era. It appears to have been re- 
invented by Sanctorio, an Italian physician, about the year 1590: 
andby Drebbel, of AlkmaerinUoUand, about I6l0. 

In these three ihermonteters heat wa« measured by the expansion ol' 
^^L aur. A portion of this fluid was enclosed in a tube witli a bulb, by 
^Hinverting it in a vessel filled with a liquid. Sanctorip made use of 
^^■^raler for this purpose, and Drebbel employed sulphuric acid. ' 

^^Br dilates so rapidly on die application of heat, that the scale of these 
^^^instrumeuts was necessarily very limited; they were abu aflected 
K not only by change of temperature, but by a change in the pressure 
of the atmosphere; and there was no means ofrendering them com- 
parable with each other. 

■notwithstanding these, defects, thermometers of this construcliun are 
^r^till occasionally used, where very great sensihiliiy is required. 

i 

^pS%e Florentine academy, about l673, constructed thermometers re- 
sembling in form those used at present, and enclosing spirits of. 
wine. These instnunents were originally graduated with one fixed 
point, viz. that of the greatest heat of the sun at Florence. As all 
the thermometers subsequently .constructed were graduated from the 
first, the philosophers of Europe were furnished with instruments 
that could be compared with each other. These thermometers were 
however hable to many objections, for the point whence the scale be- . 
gan was by no means a constant one, even in Florence, and coald 
not be recovered in any other place; the fluid employed has itself 
the disadvantages of differing in strength, of boiling at a low tempe- 
rature, and of expan^g very unequally" with equal ir 
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"o obviate the first of these objections, various modes of obtainiii^fixcd 
" and constant points, whence Ae staie i 
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Mr. Boyle recommended the use of the freezing point of eaieiitiiJoO 
of aniseed ; Dr. Hooke proposed to graduate thermometen in t 
deeg pit ; and Newton preferred the boiling and freeung poiili tf 
water. These last have since been universally adopted. 

The objection arising from the nature of the fluid led to thensedCa ^ 
riety of other liquids. Newton used linseed oil ; this has the ^dvn- 
tage of bearing great changes of temperature between ha freoiiig 
and boiling points ; but its viscidity was such as to cause it to ad- 
here to the tube, and render it impossible to ascertain with accmcy 
the place at which its surface stood. 

Mercury has finally superseded all other fluids, except wkne |^ 
cold is to be observed, in which case spirit of wine is to be pnAh 
red. Mercury was first used in thermometers by Fahrenheit; Ui 
mode of graduation was as follows, viz. Hb zero was fixed by faiBrt 
a cold he had himself observed in Iceland, and which he afterwirds 
produced by means of a freezing mixture. When the thermometer, 
after having this point mailed upon it, was immersed in ibdting 
snow, or water beginning to freeze, the mercury rose : hii; Itaarked 
the point at which it stood, and divided the intervening space by 
continual bisection into 3^ eqnal parts. - When a acalp of parts 
equal to these was carried up the instrument, he found diat it rttK 64 
of them from the freezing point of water befori it readied the temp^ 
rature of the human body, and 180 before wato: in which it was im- 
mersed boiled. These points are therefore marked on his thenno- 
meter at 96^ and 212^. 

The thermometers now called by the name of Fahrenheit are graduated 
by immersing them first in water containing a portion of iCe still unr 
dissolved, and then in water boiling, when the merciuy of the baro- 
meter stands at 30 inches. The stem of the instrument, between 
these two positions of the mercury, is divided into 180 equal parts 5 
32 of these are set off below the freezing point to die zero, and as 
many are carried up above the boiling point as the length (^the tube 
will admit. Fahrenheit's scale is used by the English, the Dutch, 
and in this country. 

In France a thermometer that goes by the name of Reaumur 1^ prin- 
cipally employed before the revolution. In this the freezing point 
is the zero ; the space between it and the boiling point is divided into 
80 degrees. The invention of i\u% ^q& ^^^usdy due to De Luc, but, in 
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consequeuce ol' iia coniajuing tlie same number of degrees on ics 
scale aa a spirit thermometer constructed by Reaumur, it obtained 
itt appellation from the^utter. 

"nie thermometer of De Luc has been superseded ia France by the 
Centigrade; this is so called because its scale comprises 100 de- 
grees between the boiling and freeing points of water. A settle of 
this kind was first used in Sweden by Celsius. 

In Russia a thermometer contrived by De Lisle is used; the zero is 
at the boiling point, and the scale comprises ISO d^rees between 
that and the freezing point. 

490, Except when very low temperatures are to be observed, 
mercury is the best fluid that can be tised in thermometers ; for, 
its diJalntions at mean and low temperatures are very nearly pro- 
jiortioned to the increments of heat; it is of all liquids the most 
easily freed from air, any other impurity is also readily sepa- 
rated; it is speedily affected by the alternations of heat and 
cold ; its scale is long, reaching from — 40° to + .^75° of Fahren- 
Iieit ; finally, it is homogeneous, and of the same quality, when 
properly purified, at all times and in all places. 

The manner of fdling and graduating thermometers may be found ii 
.■^ Heniij's CAemisiT-y, Vol. I. 

^VpOl. Thermometers may be constructed in such a way as to 
register their own greatest and least heights ; the best that have 
been used for this purpose are tliose of Six and Rutherford. 



492. We have, in directing the distance between the boiling 
and freezing points to be divided into a number of equal parts, 
supposed that the tubes were truly cylindrical, and that no other 
cause of error existed. When it is wished to construct a stan- 
dard thermometer, a large tube may be taken with a bulb of 
proportionate dimensions, and the mercury introduced by means 
of a small measure in portions exactly equal to each other ; in 
this way we shall have a means of dividing the distance between 
.^tbe two fixed points into parts that shall correspond with equal 
insioRS of the mass of mercury. Biot. 
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493. The thermometer is one of the most usefiil of all philo- 
sophical instrmnents. Its applications in erery department of 
natural science are almost umumerabfe ; its variationa form die 
basis of every theory of heat ; it is a check upon all chcndcil 
operations ; it is consulted by the astronomer at every initantof 
his observations ; to it we owe our knowledge of animal heat, 
as kept up and supported by the processes of respiration^ tec ; 
we observe by it the mean heat of the earth, and of different cli- 
mates, and the decrease of this mean between the equator and die 
poles ; and, in short, we have instances of its value at every step. 
See BiOT, Precis^ Vol. I. 

494« The ratio of expansion is not the same in other flnidi ai 
in mercury ; when, therefore, we use any other, alcohol for in- 
stance, in a thermometer, its scale will not correspond with tint 
of a mercurial thermometer, unless its divisions be nneqaiL 
Neither is the expansion of mercury absolutely unifonn. A 
measure of equal increments of heat may be found, iBrom a 
knowledge of the fact, that if two portions of the same Inpiid be 
mixed at unequal temperatures, the bulk of the miztore is exacdy 
equal to that of the two parts ; hence it is inferred that the re- 
sulting temperature is the true arithmetic mean of the two that 
previously existed. 

It has been proposed to make use of this prindpie in the oonstmclioD 
of thermometers, but it has been thougiit best not to deviate fioos 
that we have ahready pointed out ; for it is easy to apply a cam> 
tion, in such investigations as are of so nice a character as to demand 
an allowance for this cause of error. 

r 

495. The expansion of solid bodies may be measured by means 
of instruments called Pyrometers. In this way it is found that 
the absolute dilation of different substances is very different, but 
that the relative expansion of each particular substance follows 
nearly the same law as mercury. 

For tables of the expansion of solid bodies, see Biot, Pr^eUj Vol. L 
p, 238. and Brands, in BiPNeven^s edition, p. 20. 
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4d6* The number that rq>resents the cubic expansion of so- 
lid bodies, when not very great, is exactly three times that 
which represents the linear, expanrion, at equal temperatures. 

For a demonstration of this remarkable law, see Biot, Traite Contplet, 

A knowledge of the relative expansibilities of the metals, has many va- 
luable practical applications; particularly in the construction of 
clocks and watches. See Vol. I. § 174. and 394. 

497. AH elastic fluids whatsoever, exposed to equal incre- 
ments of temperature, under equal pressures, are equally ex- 
panded, and the law of their expansion is the same as that of 
mcrcMry. 

This is the result of the experiments of Gay Lussac. See Biot^ 
Precisy vol. ii. 

498. The uniform relation that exists when the individual ei- 
pansions of solid bodies, and the general rate of dilatation in 
gases, are compared with that of mercury, does not hold in the 
case of Hqnids. The variation of this class of bodies from the 
law, is most remarkable when they approaclHthe temperatures 
at which they boil, or at which they become solid. 

(1) Fluids expand with a rapidity that is much increased as they ap« 
proach the point of ebullition. 

(2) When water is cooled to a temperature approaching its freezing 
point, it ceases to contract ; and at 40^ of Fahrenheit's scale It 
again begins to expand. At this temperature of 40^ of Fahrenheit^ 
the density of water is of course the greatest possible. Water, if 
kept from the contact of the. air, and at rest, may be cooled below 
the temperature of 32^ ; but if it be agitated in the slightest de« 
gree, or have a piece of ice placed in it, it congeals at once* At 
the moment of congelation, the bulk of the water is again changed, 
the nascent ice suddenly expands, and a difference in its specific 
gravity of nearly ^ is produced. 

VoLU. i 
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There are other substances that expand in the same manner as water, 
when they pass from the liquid to the solid state ; among these are 
cast iron, bismuth, antimony ,iand sulphur. 

Some substances, on the contrary, suddenly contract, as is the case 
with mercury. 

499. The expansion of bodies by heat is attended with a pro- 
portionate change in their specific gravities. For this reason, 
when heat is partially applied to masses of fluids, those portions 
which are heated rise to the surface, and their place is supplied 
by the adjacent portions. This njay be made manifest in liquids, 
by placing powders in the vessel that contains them ; when heat 
is applied to the lower part of the vessel, the motion of the 
powder will show, the directions of the ascending and descend- 
ing currents. 

We apply this to several practical purpoises ; viz. to the construc- 
tion of fireplaces and chimneys, the erection of air furnaces, and the 
ventilation of apartments. 



OF LATENT HEAT. 



500. Heat, in expanding bodies, appears to act in opposition 
to their attraction of aggregation. Its agency in this respect is 
more remarkable, wh.en it is of such intensity as to change their 
state of eustenae. Thus, at certain temperatures, solids become 
liquids, and liquids gases. All the difierent substances in na- 
ture are probably capable of assuming these three several forms. 
Davy, Elements of Chemical Philosophy. 

Instances of the conversion of solids into fluids by heat, are too familiar 
to require any particular example. 

When water becomes steam in the act of boiling, it is converted into an 
elastic fluid. Ether furnishes a simple experiment by which this may 
be illustrated. Mercury, if held over a lamp in a platina spoon^ is 
converted into vapour ; and if it be cooled to the temperature of 
— 40^ i^ becomes solid. 



Phi/aici. 

When the heal of furnaces nr lamps is insuiTicieDt lo liquify or eva[>o- 
rale the substance submitted to it, it may notwitli stand ing be acted 
ii|ion by the Compound Blowpipe, or by a powerful Galvanic Delia- 
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Different bodies change their states at different temperatures ; thus, 
water becomes solid at 3 i!*^ of Falirenheit, and boils at 512''; mer- 
cury becomes solid at — 40°, and boils at 573° ; while ether boils 
at 98°. 

oOl. The conversion of solids into liquids is attended with a 
loss of thermometric or sensible heat. Thus, if ice be placed in 
a vessel over a lamp, its temperature speedily becomes 32° of 
Fahrenheit, and it begins to melt : hut although the heat is con- 
ttnnally acting upon it, the temperature cannot be raised above 
this point until the whole of the ice be dissolved. And thus, if 
equal quantities, by weight, of ice at 32" and water at 172° be 
mixed together, the resulting temperature is no more than 32-, 
but the whole of the ice is dissolved. From this it would appear 
that 140° of thermometric heat had disappeared. 

In all, other cases of liquefaction, heal is in like manner absorbed. 
Thus, when snow and salt are mixed together, they rapidly become 
fluid, and absorb beat from the neighbouring bodies. Mixtures of 
this sort are called freezing mixtures ; the most powerful of these in 
its efTects is a mixture of snow and muriate of lime ; by means of it 
a cold sufficient to freeze mercury may be readily produced. 
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502. On the other hand, when liquids are converted into so- 
lids, heat is disengaged. 

503. When fluids are converted into gases or vapour, there is 
a similar loss of thermometric heat. Thus, when water is heat- 
ed, it soon reaches the temperature of 212°, at which it boils; 
steam rises rapidly froni it, and the whole finally disappears^ . 
without any greater elevation of temperature, eillier in the liquids 
or the steam. 
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The quantity of heat absorbed when steam is produced may be liken 
at about 1)00<^ of Fahrenheit. This may be shown in two different 
ways : 

(1) A v.essel of sheet iron may be filled with cold water and placed on 
a red-hot plate ; if the time necessary to raise it to the boiling point 
be remarked, and compared with that which is sufficient to make 
the whole disappear, a simple arithmetical calculation will ^ve' 
the quantity of heat lost. Dr. Black, who planned this experiment, 
made it 810^. 

(2) A pipe may be led from a vessel in which water is boiled, and im- 
mersed to the bottom of a vessel containhig a known weight of wa- 
ter of a given temperature. The steam will pass through this pipe 
into the vessel, and be there condensed ; its heat will be communi- 
cated to the water, and from a comparison between the weight of 
steam condensed and the increased temperature of the water, the 
heat that is latent in the steam may be estimated. In this way the 
quantity of heat that disappears is found to be from 900^ to 1000^'^. 
See HsNHT, Chemistry y Voh I. 

If one part of steam at 212^ be mixed with six parts by weight of wa- 
ter at 62^ y the whole of the steam will be condensed, and the tempe- 
rature of the fluid will be 212o. 

604. The heat which is thys absorbed is said to be latent^ in 
contradistinction to that which is sensible, and capable of show- 
ing its presence by affecting the thermometer. Sensible beat, as 
measured by the thermometer, constitutes what we have had oc- 
casion more than once to speak of by the name of Temperature. 

The phenomena of latent heat w^re first discovered by Dr. Black, who 
IsLid down as a general rule, " that whenever a body changes its 
form, its relations to temperature are likewise changed." Davy. 

505. The discovery of thisJaw, or ofthe doctrine otlatent heat^ 
has been productive of some important results, and is applicabje 
to a great variety b( useful purposes. 

(1) The knowledge of it led Mr. Watt to his great improvement in the 
steam-engine. 




Physics, 

(2) We apply tlie lieat produced by ilie condcnaatiou of s 

cooking, in the processes of brewing and distUUtion, to warm larg« I 
rooms and extensive buildings. 

^ (3) The cold produced by spontaneous evaporation is applied to the I 
[ .cooling of liquors in warm climates, where ice cannot be procured. 



of an air pump, will, J 
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'*(4) The evaporation of ether under the 
produce a cold sufficient to freeze wat 

5) Water may be frozen by its own evaporation under the receiver of 
an air pump; this experiment was contrived by Professor Leslie ; 
in it, sulphuric acid is placed in a vessel on the plate of the air pump, 
and the water in another vessel raised above i( j when the receiver 
is exhausted, the sulphuric acid rapidly absorbs the vapour rising; 
from the water, fresh vapour is then formed, and in a short space of. 
time crystals ofice are seen to shoot over the surface of t)ie water. 

(6) Tlie CryophoniB acts upon similar principles ; it is composed of 
two balls of glass, united by a tube bent twice at right angli 
ter is placed in oneof the balls, and the air driren out by boiling tlic 
water. If aU the liquid be in one of the balls, the other will contain 
a small portion of aqueous vapour, which, if it be placed in a Ireezing 
mixture, will be condensed ; fresh vapour will now rise, until the 
cold its formation causes is sufficient to freeze the water. 



 506. The absorption and disengagement of latent heat, are 
•iJso of great valne in the economy of nature. When aqueons 
vapoar is condensed in the atmosphere, heat is produced ; and 
the formation of rain, hail, and snow, tends to mitigate the se- 
verity of the winter. In sunimer, the surface of the earth is 
kept cool by constant evaporation. The melting of the polai' 
ice moderates the heat that would otherwise be felt in the pclai- 
regions, in consequence of the long continuance of the sun above 
tlie horizon during the summer. And the evolution of heat during 
the congelation of water, renders tlie transitions of temperature 
more slow and gradual. 



4 
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L 507. We have seen that different bodies change their states'! 
t different temperatures ; tlie chance that takes ^Kce. < 
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liquidity to solidity, and vice versa, is performed in the same 
substance at a constant temperature, under all circumstances 
whatsoever ; the change from liquidity to a gaseous state is per- 
formed at no constant temperature, but is affected by pressure, 
whether of the atmosphere, or produced artificially. 

Thus, ether will boil at the temperature of freezing water, under the 
exhausted receiver of an air pump ; water will boil in a similar 
place at 90^. On the other hand, water enclosed in a strong vessel 
may be heated to a temperature of at least 300^. Da>'T. 

508. We have, under the head of Mechanics, made a distinc- 
tion between permanently elastic fluids, and those which are 
condensible by pressure or cold. This distinction, which is of 
importance in that department of natural science, and very mark- 
ed between atmospheric air and aqueous vapour, cannot be 
maintained in Physics or Chemistry, where the one class rons 
Insensibly into the other. Ether, whose vapour is classed among 
condensible fluids, becomes a gas at the temperature of 98^, 
which is not above the heat at which the air is someti9ies found 
in tropical countries ; while ammonia, although permanently 
elastic under all common circumstances, is condensible by in- 
tense cold aided by pressure.' Davy. 

509. All bodies that boil at a moderate temperature, seem to 
evaporate, so as to produce a certain quantity o£ elastic matter 
at the common temperatures of the atmosphere ; and this in 
quantity greater in proportion as the temperature is high* 

The elastic force of vapour increases in geometrical progressioD, 
while the temperature increaJses in geometrical ; but the rate difiers 
in different fluids. This law was discovered by Dalton. 

In tlie first volume we have treated of the several phenomena produced 
by the evaporation and subsequent condensation of aqueous vapour. 
See § 336, et seq. It is' barely necessary here to remark, in addi- 
tion, that, although we have there assumed the hypothesis that mois- 
ture is held in chemical solution by the air, this is by no means of 
iihsn]\ixe necessity ; for by the experiments of Dalton it would ap- 
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pear^ that tbe quantity of iQoisture taken up in a g^veik space, and at 
a constant temperature, is constant, whether air be present or not« 
The facts might have been represented on this hypothesis, but not 
as concisely. 

* • 

Those who wish to pursue this subject, may consult Daltok's papers 

in the Manchester Tmnaactiomy and Biot, Traite Complete 

Vol. II- . 






OF SPECIFIC HEAT. 

510. When -equal volames of two different bodies, of different 
temperatures, are suffered to remain in contact till they both at- 
tain the same temperature, it, is found ihat this temperature is 
not the mean of the other two. Thus^ if a pint of quicksilver 
at 100^ be piixed with a pint of water at 50^, the resslting tem- 
perature is not 76°^ but no more than 70°. Davy. 

In the language of Chemistry, this js said to depend on the difierent 
capacity of the bodies for heat ; and in the.above instance, mercury 
appears to have a much less cafl^city for heat thifti water. 

511. In consequence of the different, capacity of bodies for 
heat, eqaal increments of heat will not produce equal increments 
of ^mp^rature in different bodies ; nor will the cooling of dif- 
ferent bodies an equal number of degrees of temperature, 

communicate equal quantities of iieat to the surronading bodies. , 

• • • * 

. In this cas;e, as well as in the change of the forms of bodies, sensible 

heat disappears, and is again developed on pooling. The heat that ' 

disappears is m this case said to be Specific* 

• 

512. To measure the capacity of bodies for specific heat, an* 
instrument has been contrived by Lavoisier. The action of this 
consists in comparing the quantity of ice* a body is capable of 

' melting in cooling a certain number of degrees, with the quantity 
m«lted by an equal portion of ^ater in cooling ftom \Vi& '^asafe 
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high to the same lower temperature. See LatoisieR) Chemie, 
BiOT, JPreeiij Vol. II. 

In this way the following results, were obtained : 



Specific heat of Water, 


1.00000 


Sheet Iron, ^ 


0.11051 


Crown Glass, 


0.19290 


Mercury, 


0.02900 


Lead, 


0.02819 


Tin, 


0.04754 


Sulphur, 


0.20850' 


Olive Oil, 


0.30961 



BlOT< 

From this table it may be seen that mercury has but a very weak ca- 
pacity for specific heat; to raise this liquid ascertain number of de^ 
grees of temperature ^ill not require more than tIH ^^ ^^ ^^ 
that would be necessary to produce an equal effect upon an eqiat 
mass of water. It is therefore evident that it will be speedily affect- 
ed when placed near substances of unknown temperatures; 'and it 
is for this reason, in addition to its otl\ier properties, the very best 
substance with which thermometers can be filled. Biot. 

Professor Leslie has proposed to ^isceftain the specific heat of bodies, 
by observing the rates at which they-cool. 

513. When the forms of bodies are changed by mechanical 
means, or whei]^ mechanical forces are made to actnipon them, 
' there is usually a change of temperature; for in this way the 
capacity of bodies for specific heat is changed, being increased 
when they expand, aQ'd diminished when their dimensions 'are 
reduced. Of this there are many instances. * • 

(1) A bit of caoutchouc, extended by mechanical means, and then snf- 
fered to contract, becomes warm. 

(2) Metallic bars are heated by a (ew blows of a hammer ; and a nail 
may thus be actually made red hot. The friction of solids piroduces 
an increase of temperature sufficient to cause ignition^ and by stroi^ 
pressure fluids may be made luminous. * 

'^^) When an elastic fluid is compiess^^\i^ ttt"ed^«JDkaV\ftft«x«, its tern- 
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perature is increased ; and when the compressing forces are great 
and suddenly applied, the effect is such as to cause the ignition of 
bodies. A machine for setting fire to tinder, by the compression of 
air, has been for some years in use. 

(4) Where air expands in consequence of the removal of the forces by 
which it is compressed, its capacity for heat is increased, and a dimi- 
nution of temperature is occasioned. * Thus, the mercury in the 
thermometer sinks when the air is exhausted horn the receiver of an 
air pump in which it is placed. 

A curious phenomenon, arismg from this cause, is observed during the. 
action of the hydraulic machine of Schemnitz, in Hungary. (See 
§ 423.) Whien one of the stopcocks in the lower vessel is opened, 
and the air suffere'd to escape, its sudden rarefaction produces a 
degree of cold that not only precipitates.aqueous matter, but cayses 
it to assume the form of hail. 

The production of snow ou the tops of mountains, has been explained 
upon the same principle. Even vaidfer the equator, mountains are 
to be found covered with pei^etual snow ; these are of such a 
height as to reach into regions where the air is very rare, and its ca- 
pacity foi; heat very much increased ; its teipperature is therefore 
lessened. Davy, Elements^ Part I. ^ 5. 






OF TU£ PROPAGATION OF HCAT. 



514. Heat may be propagfited by radiation, or may be cda- . .. 
veyed from one body to^another through the intervention of a. 
third. 

515. When a body is heated to a temperature greater than 
that of the surrouflding bodies, the heat tends to edcape untif 
an equilibrium of temperature takes place. The escape of jthe- 
heat appears to take place on every side of the heated body, in 
right-lined directions ; it is hence called Radiation. ' 

Vol. li. 'Z » ' ' 
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The rate at which a body is cooled by radiation, abstracting from the 
action of the medium in which it is placed, is uniformly retarded ; 
the diminution of temperature for any small space of time, being pro- 
portioned to tlie excess of the temperature of the body above that of 
the surrounding air. Biot. 

516. If, while heat is radiating from a heated body, a mirror 
of polished metal be presented to it, it will be reflected. 

The phenomena of the reflection of heat are best investigated by 
means of an apparatus contrived by pictet,' of Geneva. Thisi^ 
paratns is composed of two concave mirrors of mefal, placed oppo- 
site to each other, and having a common axis. A heated body, that 
is not luminous, is placed in the focus of one of the mirrors; the 
rays that proceed from it, and fall upon the nearest mirror, are re- 
. . fleeted in a direction parallel to the aads of the minraMrs; titeytfaen 
meet the second mirror, and are concentrated by it at its principal 
focus. ST a sensible thermometer be placed in this last named point, 
it will be affected by the heat thus contentrated, and that in propor- 
tion to the heat of the body that radiates. 

This experiment may be rendered more striking, by pladng the mir- 
rors at such a distance from each other, that the he^t that radiates 
directly from a body placed in the focus of the one will pfoduce no 
eflect on a thermometer in the focus of the other. This distance 
may be found by removing the mirrors, and making the experiment 
without them ; or the same-thing may be shown by covering the 
mirrors. 

517. This experiment is best performed by means either of 
theDifierential Thermometer of Leslie, or of the Thermoscope of 
Rnmford. The first of these instruments consists of two bulbs 
of glass united by a tube bent twice at right angles ; the two 
bulbs contain portions of air separated from each other by a 
liquid placed in the tube. If one of the bulbs be heated while 
the other is not, the expansion of the air it contains will mark 
the excess of temperature. The thermoscope of Rumford Of- 
fers from the differential thermometer, only in having its scale 
drawn on the horizontal branch. It is more convenient thatt 
the differeati^l therinometer, \)eca\xse t\)ft\e\i^ qC \\& bonion- 
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tal stem places the bulb that is not to be heated beyond the in- 
fluence of the calorific rays. 

If^ instead of employing a body that is not heated to such a d^reejgui 
to be luminous, an ignited substance be placed in the focus of 
one of the mirrors, the heat condensed in the other will be sujQicieot 
to set fire to combustible bodies. Thus, if a small piece of red hot 
charcoal be placed in the focus of one mirror, gunpowder may be 
made to explode in the other. 

When the apparatus is in action, the heat may be intercepted by the 
interposition of a screen, and permitted again to act on withdrawing 
it. In this way it may be shown that heat is propagated with veiy 
great rapidity. 

The heat of ordinary flame is intercepted by the interposition of glass 
screens, that permit the light to penetrate them j but the heat is not 
separated by this means from the solar ray, nor from the flame of 
carburetted hydrogen. From this it might be inferred, that heat 
is, like light, susceptible of polarization. 

518. The phenomena of the radiation of heat have been sup- 
posed to arise from undulations in the aif, or in some other fluid 
medium. Sir Humphrey Davy, by enclosing mirrors in the re- 
ceiver of an air pump, has shown that this is not true ; but that 
heat radiates nearly three times as fast, when the body is enclo- 
sed in the receiver of an air pump, and the air exhausted, as in 
the open air. 

^19. From experiments of Professor Leslie, it appears that 
the nature of the surface has a great efiect on the radiation of 
heat. The following table of the radiating powers of diflferent 
substances has been deduced from bis observations : 

Lampblack, 100 

Water, 100 
Writing Paper, 98 

Crown Glass, 90 

India Ink, ^^ 

Ice, ^':^ 

Mercury, '^^ 
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Lead, (brilliant,) 19 

Polished Iron, 15 

Gold, Silver, Copper, Tinplate, 1 2 Biot. 

^rom this it would appear that colour has little or no effect on the ra- 
'^^iation of heat See Leslie, Relations of the Air to Heat and 
lUoisture, 

520. The rate at which bodies receive heat is afiected not 
sgnly by the nature but by the colour of their surfaces. Bodies 
that absorb most light receive most heat, and are consequently 
most rapidly heated; black bodies are more heated than red, 
red more than green, green more than yellow, and yellow more 
than white. Metals are less heated than earthy or stony bodies, 
or than animal and vegetable substances. Polished surfaces are 
less heated than those which are rough. 

There are various applications of these principles to the useful arts and 
the processes of domestic life. Thus, vessels intended to retain their 
heat should be metallic, and highly polished; fteam or air pipes for 
warming houses should be polished in those parts where the heat is 
not intended to communicate, and covered in others with some ra- 
diating substance ; culinary implements should be blackened and 
not polished on those parts intended to receive heat. 

The heated surfaces of fire-places or stoves should not be metallic^ but 
of some substance that radiates well. See Davy. 

521. When a body colder than those which surround it is 
placed in the focus of one of the mirrors of the apparatus we 
have described, a thermometer placed in the other will descend ; 
hence it might be inferred tliat cold radiates as well as heat ; 
but when we consider that Uiere is no limit to the temperature at 
which bodies may radiate heat, it is evident that there is no ne^ 
cessity for such an inference, and that the radiation of heat from 
the thermometer itself will be sufficient to furnish the explanation 
of this phenomenon. 

The apparent radiation of cold was first obsened by the Academy del 
Cimento at Florence. 



'ith this apparent radiation of cold arc connected tevei-al natural pUe- 




i body be exposed during a serene night to llie free aspect of the 
heavens, all the heal that it radiates wiU be lost; if that which tt re- 
ceives from the contact of the air, and of neighbouring bodies, is not 
equal to the quantity thus radiated, the temperature of the body will 
be lowered. In this way we may account for the rapid cooling of 
the earth's surface when the sun has set, and the consequent formji- 
tion of dew and hoar frost. (See § 344.) If bodies be supported 
at a small distance from the earth by bad conductors, iliey may be 
cooled by the radiation of their heat towards the sky, to a degree suf- 
ficient to cause the congelation of water, even when the temperature 
of the air is not below 50°. It is in this way that we san account 
for the manner in which ice is prepared in Bent^al. Biot, PtfciSf 
Vol. n. Young, ^ Ivii. 

The sky must be clear, 'or these effects will not be produced, for clouds 
will interrupt the radiation of heat from a body whose temperature 
is not very high. Currents of wind will also prevent the formation 
of dew. 



tew will be formed in greatest abundance c 
well. 
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The diminution of temperature necessary for the deposit of dew 

surface of a body will depend on the quantity of moisture contained 
in the air. It b now well understood, from the researches of Dal- 
ton, what quantity of moisture is necessary to saturate a given spaci 
at a given temperature. Hence, if it were possible to observe the 
exact point at which dew begins to be deposited, we should have 
measure of the moisture contained in a given portion of the almoE- 
phere. Mr. Danicll has invented an instrument by which this is 
readily eflccled; for a description of which, see Quarterly Journnl 
ofSc{ence,\o\.\. 

He has siitl mtne recently prepared tables for adapting his hygrometer 
to be used with the mountain barometer ; thus obviating the imper- 
fection mentioned in § 262. See Quarterly Journal, Vol. XIT. 



^322. Wben a metallic bar has one of its ends immetsedlu.%. 
idium hotter tlian the air tVial sotVO\KvA.% 'A ■, fov "■aa\a»K.'i,\'v Nv 



urfncps asradial'' 

3sit of dew on the ^^^| 
oisture containedT^^^H 
escarches of ^s'-^^^^l 
rate a given space^^^| 
lie to observe the ^^^| 

i 



22 Outlines of Natural Philosophy. 

be placed in the fire of a forge, or in a bath of melted metal, the 
heat will be transmitted to the other end, but not instantaneous- 
ly, for a time will elapse that depends upon the nature of the 
substance of which the bar is composed, and on its dimensions. 

The bar b said to conduct heat. 

523. If slender cylinders of silver, glass, and charcoal, be 
held in the central part of the flame of a candle, the diver be- 
comes heated throughout in a very short space of time, and 
cannot be retained in the hand ; the heat is more slowly propa- 
gated through the glass ; but the charcoal will become red hot 
at one extremity long before any heat is felt at the other. Biot. 

This difference is said to arise from the difference in the powers of 
these bodies for conducting heat ; and we say that silver is a better 
conductor than glass, and glass than charcoal. 

524. It may be laid down as a general rule, that those bodies 
that are densest, and have the least capacity for heat, are the 
best conductors ; thus, the metals conduct better than any other 
solids ; solids better than liquids ; and liquids than gases. To 
this rule, however, there are some exceptions ; one of the most 
remarkable of these is platina, which, although the densest of all 
known substances, is the worst conductor among the metals. 
Davy. 

525. Among solids, animal and vegetable substances are the 
worst conductors : thus, the hair and wool of quadrupeds, and 
the feathers of birds, are well fitted to retain the animal heat. 
They also enclose and confine air, which is a still worse con- 
ductor than themselves. 

526. When a heated solid is plunged in a liquid, it is rapidly 
cooled, and hence it might be inferred that the liquid was a good 
conductor. This is by no means the case ; the cooling of the 
solid is caused by the motion which the heat, abstracted firom it, 

muses among the particles of t\\e fluid. TlVio^^ ^VvOrv wc^ ^a^ 




I 

i 



brought into conutt witli the solid, expand aud rise to the sui 
face ; others take their place, and the motion continues until the 
solid and liquid have reached a common temperature. That 
liquids are bad conductors of heat, may be sliown by a variety 
of experiments, when the heat is so applied as to produce irtS 
motion. 

(1) If water be frozen in the bottom of a long and slender tube, 
ther portion of water may be poured over it, and the ice will remain 
at bottom attached to the tube ; the water may now be boiled by 
the application of ihe heat of a lamp to the upper portion of the 
lube, and, although it has its temperature so much raised, the ice 
will remain below un melted. If ice be placed on Ihe surface of wa- 
ter, contained in a similar tube, and heat applied from beneath, it 
will be almost instantly melted, and very long before any ap| 
ance of ebullition is manifested. Hbnrv, Chemistry, Vol. 

(2) If a thin stratum of ether be poured on the surface of water con* ] 
tained in a glass vase, and set on fire, it will produce little or n 
efiect on an air thermometer, whose bulb is sunk just beneath ibr^ 
surface of the water. If a series of air thermometers be inserted 
at different depths in the water, the last of which is in contact wit!' 
the bottom of the vase, Uiis Inst thermometer will be the first to 
show signs of an increase of temperature ; this is owing to the heat 
being conducted to it through the glass. From this it was at one 
time inferred, that water would not conduct heal; Murray has, how* 
ever, shown, by making an experiment in a vessel of solid ice, tfaat^ 
liquids do conduct heat in a small degree. 
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527. Gases also cool bodies placed in them, by means of t 
currents that are thus produced ; but tbey are themselves ti 
ery worst conductors. 



is frequently made 




For this reason, confined a 
escape of heat. 

528. The effect that bodies produce on our organs of seusa-^ 
'tion, is proportioned to their power of conducting heal, as welT 
as to their temperatures. This is evident, both when they a 
at a temperature higher aud when at one low« *.\v«v 'JftTft. «A « 
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own bodies : Thus, the heat of metals at the temperature of 120^ 
is insupportable ; water scalds at 150^ ; while air may be heat- 
ed to 240^ without being painful, and may e?en be respired 
with safety. Mercury, when frozen, will take the skin off a 
hand that is applied to it, while, in high northern latitudes, a 
cold air has been experienced without injury, in which mercmy 
froze. Davy. 

There is an application of this principle to the discovery of artificial 
gems. After metallic substances, the diamond is the best conductor 
of heat, and all the precious stones are better conductors thanglass 
or paste. 

When, therefore, a real gem is applied to the tongue, it will produce 
the sensation of cold ; while a counterfeit, at an equal temperature, 
will produce no such effect. 



OF ELECTRICAL AT 



I BEPULSIOS. 



529. When certain natural bodies are subjected to friction, 
they acquire the property of attracting light substances. This 
phenomenon was first observed in tlie case of amber, and from 
its Greek name the general class of similar appearances are 1 
called Elecirical. 

In order to study the nature of these phenomena, tubei J 
of glass, sticks of sealing wax, or sulphur of 3-4th& of an inch ' 
in diu.meter aud a fool in length, should be rubbed with a dry 
woollen cloth, or (he fur of a CRtskin. When this is done, light 
bodies will be drawn towards the body subjected to friction ; 
some of them will remain sticking to it, while others will be re- 
pelled after having touched it. If the tube be brought near the 
face, a sensation, similar to that produced by the contact of a 
spider's web, will be felt. K the finger or a metallic knob be 
presented to the tube, a slight crackling sound is heard, which, 
if the experiment be performed in the dark, is attended ivith a 
luminous spark. 

A body, when the power of producing electrical appearances is dev^ j 
loped, is said lo be escited. 

We are entirely ignorant of the nature of the principle that is the ultl- 1 
mate cause of these phenomena ; but, to avoid circumlocution, it iv'^ 
L<^ distinguished by the name oi Electricity. 



I 530. All vitreous and all 
producing these phenomena 
Vol.. 11. 



substances ai-e capable of J 
rubbed ; so aU« vi 
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There are, however, others, in which do snch appearances are 
manifested. For this reason, bodies were long distingiiished as 
either Electriu or Non-dutrics. This ^stinction ift not weB 
founded, for if a metallic body be supported on glasa ieet, or 
suspended by silken threads, it may be excited > but its state of 
excitation will last no longer than while it is exempt from any 
communication y for if it be touched, it parts instantly with the 
whole of its electricity. Glass or resin, on the other hand, re- 
tains electricity after being touched, except in those parts that 
are nearest to the point of contact. Bior. 

From this it would appear, that the diiTerence between bodies arises 
irom the greater or less fecility irith which they transmit electricfty. 
They are, in consequasce, divided into the two classes of CtMMftie* 
tort and NonF-conductoriu 



Atmospheric air is evidently a non-conductor; for if it were not^ no 
body could long retain electricity ; bat we find thai an excited sol^ 
stance will retain its electrical virtue for a considerable time^ al» 
though immersed in the air. 

Water, on the other hand, is a conductor, and so b its vapour and 
steam ; the aqueous vapour that is floating in the atmosphere wiD, 
therefore, alter the non-conducting properties of that fluid, and thus 
we find that electrical experiments succeed best in dry and cold 
weather, when the air contains but Iltde moisture. 

We know of no constant relation between the state of bodies and their 
conducting power. Among solid bodies, metals are good conduc- 
tors, while gums and resins do not conduct at all. Liquids are al- 
most all good conductors, with the exception of the oik, which are 
imperfect conductors. Wax and tallow, when cold, are not cob» 
ductcNTS ; but, when melted, they conduct well. The power of con* 
ducting electricity, is found in bodies in the most opposite states ; 
for instance, in the flame of alcohol and in ice. Temperature i^ 
pears to have no efiect, for sparks drawn from ice are not*cold, and 
those from red hot iron do not bum. Biot« 



Phyiirt. 

5;)L Atmospheric air and dry gases appear to possess, in ad- 
dition to their insuladng power, the faculty of retaining electri- 
city on tlie surface of bodies by ilieir pressure ; for if a coa- 
dacting body be electrified, insulated by placing it on uoa-coB- 
ductiiig supports, and enclosed under the receiver of an aJr 
pump, wliea tlie air is exhausted it will lose all its ekctricity, 
which passes with a bluish light to such conducting bodies as 
have a com muiti cation with the ground. Biot. 

633. If a small ball of pith be suspended by a fine silken 
tiiread, il will be insulated ; and will, from its lightness and con- 
ducting quahty, be an excellent apparatus for investigating ihe 
phenomcDa of electrical attraction and repulsion. If this ball 
be touched by an excited electric, it will be found, after sepa- 
ration, to have acquired electrical properties ; it will attract 
very liglit bodies ; and is itself attracted by a finger presented 
to it. In a word, it is electrified by communication. 

The ball will retain the communicaied electricity for a considerable 
space oflime, provided it be not touched, and (he air is dry. If it 
be touched, it returns to its natural slate, liaviug lost all the elecui- 
clly it liad acquired. BiOT. 

The manner in which this is pflected may be seen by the followini 
experiment : bisteitd of touching the pith bait with liie finger, let 
be brought in cuntacl witli nnoiher ball, suspended in like manner 
by a silken thread, but whose bulk is SO or 100 times as great as the 
first : al^er the contact it will be found that the small ball haj lost 
its electricity nearly as completely as if it had been touched by the 
finger. A given quantity of electricity is therefore diminished in 
intensity, by being distributed over a larger surface. In like man- 
ner tbe same small ball seems 1o part with its electricity when touch- 
ed, because it is distributed between the ball and the whole mass of 
the earth, with which it is in communication by the intervention of 
the body of the experimenter. 
I( is fur diis reason that we consider the earth as the common reservoir 
of electricity. Biot. 

533. When the excited tube is 6rsV \i\ottftV«. ■aa'K "Oi** V** 
bail, it dies tomrdt the tube, and aiiacVies \\.?«\^ vo 'a^ wm^-»k« % 
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after a short space of time, sufficient to give it a proportion of 
the electricity of the tube, it flies ofi*, and is repelled by the tabe 
as long as it preserves its electricity. 

This repulsion takes place, whatever be the nature of the 
electric, and is exerted on the ball by other excited tubes of the 
same substance. But if, after having communicated electricity 
to the pith ball by means of a glass tube excited by friction with 
a woollen cloth, an excited tube of resin, sulphur, or sealing- 
wax, be presented to the ball, it will be attracted instead of be- 
ing repelled ; and this attraction will be evidently more powerful 
than if it had not been electrified. The same will happen if the 
ball be first electrified by sealing-wax, and then presented to an 
excited tube of glass. 

We are led by these experiments to distinguish two difierent kinds of 
electricity ; one of these, being manifested by glass when rubbed 
with woollen, is called vitreotus. The other, being produced by re- 
sin rubbed with the same substance, is called rennem. 

534. If two pith balls, each suspended by a silken string, be 
dectrified firom the same excited substance, they will repel each 
other ; but if one be electrified with vitreous, the other with renn- 
ous electricity, they will attract each other. These phenomena, 
taken in connexion with those already mentioned, may be ex- 
pressed by this simple law, viz. — Bodies, when charged with 
electricity of the same nature, mutually repel ; and when charged 
with electricities of difierent natures, attract each other. BiOT. 

Although this furnishes a simple rule for expressing the focts, we are 
by no means to consider it as absolutely true. It is possiUe for 
similar appearances to be produced where there is neither attraction 
nor repulsion ; and in this case the particles of the electrified bodies 
do not act upon each other, but the action takes place between the 
vitreous and resinous electricities that envelope them. When ve 
speak, then, of attraction and repulsion, we are to be uncferstood as 
employing these words merely as the most easy method of express- 
ing the circumstances of the mo^ota iih»X «x« ^A»ien«i^«ad not as 
meaning by them to ind&catfi i!he\3il»nBte c»nu^ ^ iSoft ^^^asassBMsgiu 

BlOT. 
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535. Electrical attraction and repuhion are not only pereep- 
fible wlien air intervenes, but tiiey are also felt through the 
other bodies that do not conduct electricity. 

Thus, if an excited stick of sealing-wax be suspended in a glass ma- 
trass, it will attract bodies situated without the matrass, precisely 
as if the glass did not intervene. Biot. 



536. The nature of the electricity acquired by any substance 
when rubbed in a certain manner, is ascertained by presenting 
'h to a pit!) ball, charged with an electricity whose nature is 
I known. 



, if the pidi ball be touched by a glass tube rubbed with 
woollen, it acquires vitreous electricity. The substance whose 
electricity is to be esamined, is then excited, and brought near ihe 
pith ball ; if it be repelled, the friction of the substance has pro- , 
duced viEreons electricity, but if it be attracted, die electricity is M 
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The proof may be inverted, giving the pith ball 
means of sealing-wax. Biot. 

537. When the electricity developed by a great number of 
euhstances has been thus examined, it will be found that its na- 
ture depends as much upon the body employed as a rubber a 
upon the body rubbed. 

For instance, polished glass rubbed with woollen cloth acquires vi 
treous electricity, but when rubbed with a catskin tlie electricity is 
resinous. Silk nibbed with resins acquires resinous, but when ntb< 
bed with polished glass, vitreous electricity. Biot. 

The following substances acquire vitreous electricity when rubbed by 
those which succeed them on the list, and resinous electricity when 
nibbed by those which precede tliem : 

Catskin, Paper, 

Polished Glass, Silk, 

Woollen Stuffs, Gum Lac, 

Feathers, Ground Glass, 

Wood, 
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538. From the above list, it is evident that there is no appa- 
rent natural relation between the nature and constitution of 
substances and the electricity they develope, when rubbed one 
by the other. Experiment gives but one general law applica- 
ble to tbe phenomena, which is, that the two bodies that are rub- 
bed against each other always acquire electricities of different 
natures, the one being always vitreous when the other is resin- 
ous. BlOT. 

539. Electricity is developed not only by the mutual friction 
of solid bodies, but by the friction of liquids and gases upon so- 
lid bodies ; nor is friction the only mode in which it is produced; 
it is observed when bodies are compressed and wh«i they ex- 
pand ; it is shown when certain bodies are melted by heat ; se- 
veral crystallized minerals become electric when merely heated, 
and in this case one of the extremities of the substance takes the 
vitreous, while the opposite takes resinous electricity ; finally, 
electricity is developed in several chemical combinations, and by 
the mere contact of heterogeneous substances. Biot. 

540. The law, according to which the forces of electrical at- 
traction and repulsion decrease with the increase of the distance, 
has been determined by means of a modification of the Balance 
of Torsion of Coulomb. Numerous experiment^ with this instru- 
ment ^ve for their result, that the force of electrical attraction 
or repulsion is inversely as the square of the distance. Biot. 

541. The attractive or repulsive force varies at each distance, 
in the same ratio as the quantities of electricity contained in the 
two bodies that act upon each other. Biot. 

When the same electricity is distributed among a number of 
bodies of similar figures and equal magnitudes, the force of re- 
pulsion or attraction that each acquires is the same, an3 has no 
relation either to the nature or density of the body. 

Hence it may be at once inferred, that bodies do uoltecdve electricity 
in consequence of any chemical act\oii tVwX deip«iv^% €vlJaKt otl^€\£ 




Physic. 



r the arrsngenient of their particles, but are merely reesels 
D irhich it a received according to mechanical laws. 



op THE TWO ELGCTKIGITIEB. 

542. It' a cylindrical conductor be taken, whose ends are 
ounded into the form of hemispheres, and which is supported 
by means of insulating substances in a horizontal position ; then, 
if a number of linen threads be tied to it at short distances from 
each other, and small pith balls attached to their extremities, the 
following phenomena will be observed when an excited electric is 
brought near it, but not within such a distance as lo permit a 
spark to pass : 

(l) The threads at the two extremiLes of the c^'limlcr will diverge, 
and thus show that it is electrified. 



1 (3) The divergence becomes less and less as the tlureads approach the 
middle of the cylinder, near which a point is found at which no di- 
vei^nce 



r (S) The position of this point v 
excited electric. 



according to llie distance of the 



I 

^Hl (4) Ifa pith ball that is not electrified be passed along the cylinder, it 
^17 is attracted at every point except at that where no divergence is 
manifested. . 

(5) But if the pith ball be electrified, it b attracted by one end of the ' 
conductor and repelled by the other; thus showing tliat they are 
charged with electiicities of different natures. 

■' (fi) Ifa small insulated conductor be applied in succession to the two 
extremities of the cyluider, and the nature of the electricity commu- 
nicated to it at each contact examined, it will be found that the end 
nearest the excited electric is charged with electricity of a n 
contrary to that the electric possesses, w iiile that at the opposite end . 
is of the same nature. 
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(8) The ezeited electric transmits no part of its electricity to tbe €>" 
Under, for it will be found to lose no more than is due to the slow 
dissipation through the air. 

(9) If the excited electric be removed, and replaced again several 
times, without losing any part of its electricity, the same {rfienome- 
nia will cease, and recur each time, without any change whatsoever. 

BlOT. 

543. The following deductions have been made from this ex- 
periment : 

(1) Since the cylinder takes no electricity from the excited electric, it 
must contain within itself the principles of the two electricities, and 
they are developed by the influence of the electric. 

(2) Smce these electricities disappearthe moment this influenci ceases, 
they must exist in such proportions as mutually to neutralise each 
other. 

(3) This neutralization must be effected without any destnietion of 
either principle, for they reappear urith their primitive Ibtce each 
time that the cylinder is submitted to the influence of the dtectrified 
body. BiOT. 

544. In the natural state of bodies, they contain the princi' 
pies of tiie two electricities in a state of combination Aat ren- 
ders them neutral ; friction, which, at the first glance, would 
seem to call these principles into existence, does no more than 
separate them. It is for this reason that we find the body rob- 
bed, and the rubber, always manifesting electricities of contrary 
natures. And because the mere influence of an electrified body, 
presented at a distance, is suflicient to separate the two princi- 
ples, and make them distribute themselves in such a manner that 
those of opposite natures shall be nearest to each other, we 
must, in order to account for this circumstance, admit, that the 
electric principles of the same name are mutually repulsive, and 
those of different names mutually attractive of each other. 

BlOT, 






This law once ajintitted, 
expulsion become sir 



Physks. 



ill the phenomena oC elecirlcal uttractioo and 
iple, necessary, and evident conMC|Dencef 



The phenomena of the Xva electricities have been explained by meaa^ I 
of two different hypotheses, either of which might, al the first view, \ 
be thought sufficient to explain the phci: 



645. Franklin supposes they are produced by the action of a 
single fluid, of which a certain quantity is distributed through- 
out all bodies, and forms their natural state. An excess of this 
fluid in some bodies, gives rise to that state which we have call- 
ed vitreous, but which he called positive or plus electricity. A 
quandty less than that which constitutes the natural state, gives 
rise to resinous, or, in conformity with this hypothesis, negative 
or minus electricity. To account for there being do action 
when bodies are in their natural state, it tvas supposed tliat this 
fluid was attracted by their particles, but that its onn were mu- 
tually repulsive of each other. 

546. The other hypothesis conceives, that each of the two I 
electrical principles is a perfect, incompressible fluid, whose pai>a 
tides mutually repel each other, and attract those of the otherl 
principle with forces that are ioTereely as the squares of th* 4 
distances. 



I 



The question of the comparative merits of these two hypotheses, has 
been long contested with much warmth; some of the most respecta- 
ble names have been numbered on each side. It appears, however, 
to have been lately decided in favour of the latter hypothesis, that 
of the two fluids ; for when the aid of analytic investigation is call- 
ed in, and the consequences that would follow mathematically from 
this hypothesis are deduced, they are found to agree in every re- 
spect with experiment ; on the other hand, those deduced from the 
Franklinian hypothesis, have no analogy with the phenomena. 
These investigations are due to Poisson, who has, in them, exhaust- 
ed all the means of modern analysis. Wia ■^xowfla v 

Vol n. 
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length by Biot, in his Traite Complet de Physique. Vol. II. p. 308. 
etseq. 

547. When electricity is developed in a body or system of 
bodies by the inflaence of an excited electric or charged con- 
ductor, and where no spark passes, it is said to be caused by 
Induction, 



OF ELKCTRICAL APPARATUS. 



The Electrical Machine. 



548. The Electrical Machine is essentially composed of three 
parts : — the rubber, the electric, and the conductor. 

The rubber must be of such a nature as to apply itself exactly 
to a considerable portion of the surface of the electric ; for thb 
reason it is usually made in the form of a cushion, covered with 
pliable leather, stuffed with hair, and pressed against the electric 
by means of a spring. When leather alone is rubbed upon glass 
it developes but little electricity ; but its effect is much increased 
when it is covered by an amalgam of mercury, tin, and zinc. 

If the electric be glass, it acquires by the friction vitreods 
electricity, and the cushions acquire resinous. 

When the machine is in use for ordinary purposes, the resinous dectri- 
city of the rubber cannot be examined, for it is necessary that thb 
part of the machine should communicate with the ground; if it do 
not, the quantity of electricity developed is very small. 

This is a necessary consequence of the manner in which the two elec- 
tricities are developed by friction. Biot. 

549. The electric, which is usually of glass, vs^y be made in 
the form of a plate or of a cylinder ; very powerful machines 
have been constructed \n both ways. It appears, however, that 
while the cylinder machine is better for general use, that 
formed of a plate is capable of producing the most powerful 

effects. 






Phijiia, 



381 



550. The prime conductor is usually in the Ibiui of a long 
cylinder of metal, with two liemispheric ends ; attarlied to it are 
branches furnished with pointed wires that present tliemselves 
to the surface of the glass after excitation, and receive the elec- 
tricity that is called into action on its surface. • 



Besides the prime conductor, others that communicate with it a: 
quently hung from the ceiling of the room, 



ifre- 



( 

\ 



551. There are several precautions that should be attended | 
D in the construction of an electrical machine. 

w ^1) Those parts of the glass which are rubbed should reach the wires 
that are attached to the prime conductor, before they lose the elec- 
tricity they have acquired. For this reason, a piece of silk is at- 
tached to the rubber, which extends over the surface of the glass in 
the direction in which it is turned. As soon as the glass is electri- 
fied this silk adheres to its surface, and preserves it from the contact I 
of the air. ""^ 

\ (2) The prime conductor should have as many branches as there are 
rubbers, so that no portion of the glass shall return to the rubber be- 
fore its electricity is discharged. In the plate machine there ar^ 
usually two rubbers ; in the cylinder machine, but one. 

(3) The electric, the prime, and secondary conductors, should be ie 
sulated as perfectly as possible ; for this purpose they are mounted'] 
on slender supports of glass, and these are frequently coated with J 
gum lac ; this substance is a more perfect insulator than glass, and is J 
less liable to be affected by moisture. The rubber or ihe conductoc4 
may then be made to communicate at pleasure with the ground hf I 
means of a chain. 



552. When the rubber communicates with the ground, anU 
the conductor is insulated, the machine gives vitreous electricity. 
But both the ^ate and cylinder machine may be made to afibrd 
resinous electricity for the purposes of experiment. This 
done, in the plate machine, by making the conductor moveable 
around an axis, in such a manner tliat the rubbers may 
brought in contact with its btanclaeB, axvA *\c. 



ctor moveable i 

>bers may b^^^^f 

^1 
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between the rubbers and the ground is cut off. In the cylinder 
machine, a conductor of the same shape and size with the prime 
conductor id attached to the rubber ; the prime conductor is 
made to communicate with the ground, and the communication 
between the rubber and the ground interrupted. 

553. When an electrical machine is in good order, and the 
room in which it is placed is darkened, its use is attended with 
brilliant phenomena of light. Flashes appear to pass from the 
rubber over the surfkce of the electric to the prime conductor ; 
brilliant stars are seen upon the points by which the conductor 
draws the electricity from the electric ; if a point be placed upon 
the prime conductor, when the rubber communicates wilh the 
ground, it will exhibit a luminous appearance of a brush-like 
figure, that is called a pencil of rays ; if the rubber be insulated, 
and the conductor communicate with the ground, a point placed 
•n the rubber will exhibit a bright star ; if the point fale presented 
to the prime conductor when insulated, it will show the star ; if 
it be presented to the rubber it will be attended with the pencil 
of rays. These two different phenomena are constantly attend- 
ant on the two electricides. 

Points placed in this manner on the conductors of a machine, or pre- 
sented to them when the machine is in action, have the prope^ef 
drawing off the electricity silently, so that it is impossible to charge 
a conductor when a sharp point is either affixed or presented to it at 
a short distance. 






Electroscopes. 

• 

554. Electroscopes, or, as they are more commonly called. 
Electrometers, are instruments intended to discover the presence 
of even the smallest quantity of electricity. ^ The general prin- 
ciple of their construction is the repulsion that exists between 
bodies charged with electricity of a similar nature. The ba- 
Jance of torsion that has already been spoken of in ^ 540^ is one 



rhysii's. 



)rmed of two ^^1 



uf the ben ol' these- They are more usually Ibrmed 
long pieces of straw, two narrow stiips of gold leaf, or two pith 
balls, suspended from a common support by conducting sub- 
stances. A knob of metal is usually attached to the support ; 
to prevent disturbance from the air or from external violence, 
the parallel pieces of straw, the slips of metallic leaf, or pith 
balls, are enclosed in a small glass phial, the support is firmly 
fixed to it, and the knob projects from the neck. 

555. When the electroscope is osed, it may be charged 
electricity of either kind by a tube or rod, of a substance capa- 
ble of producing by friction electricity of the nature ihat is re- 
quired. Upon the principle of the developement of electricity 
by induction, a single electric may charge the electroscope with 
either posidve or negative electricity at will. 

If, for example, a stick of sealing-wax is used, rubbed with a bit of 
catskin, and presented at a distance to the knob of an electroscope, 
the knob will acquire vitreous, and the leaves of the instrument 
will diverge with resinous electricity ; on removing the sealing-wax, 
the equilibrium is restored, and the leaves collapse. But if the knob 
of the electroscope be touched with the finger at the moment the 
sealing-wax is presentedj the separation of the two electricities takes 
place as before, but the resinous passes into the ground through the 
body of the experimenter, the vitreous electricity is retained and at- 
tracted to the knob of the instrument, while the.leaves being void 
of electricity do not diverge; if now the finger be first with- 
drawn, and then ihe sealing-wax, the leaves will diverge with vi- 
treous electricity, for it cannot escape afier the finger is withdrawn. ^ 
BioT. 



The Condenser. 

556. When a conducting body, insulated, and in the natural 
ftvtate, is brought in contact with an electrified conductor, it ac- 
i a determinate charge of electricity ; this may, however,! 
'e much increased by bringing aevr it at tlie fAx«.% iswitokv&'ctc 
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ther conducting body that has a free communication with the 
ground. 

Upon this principle is constmcted the condenser of electricity. It b 
usually composed of two metallic plates, separated from each other 
by an insulator in such a way as will prevent them from ever com- 
ing into contact. This is sometimes effected by a plate of glass ; at 
others, by a piece of silk ; at others, by a stratum of air ; and at 
others, by a coat of varnish applied to each plate. If the charge 
is a large one, the condenser, whose plates are separated by a plate 
of glass, must be used ; but if these are not well varnished, the 
greatest part of the electricity attaches itself to the glass, and thus 
the upper plate will no longer possess it when it is lifted up. 

The condenser, when modified, assumes the shape of the Doubler of 
Bennett, and the Multiplier of Cavallo. 

557. This instrument is used to great advantage in rendering 
small quantities of electricity evident. For this purpose it is 
frequently connected with an electroscope. 



The Electrophorus. 

558. When a body is charged with electricity and insulated, 
and another body communicating with the ground is presented 
to it, the latter will acquire a contrary electricity, and on being 
suddenly insulated, it will be foUnd charged with that species of 
electricity. 

This may be shown by charging the conductor of a machine with a 
certain quantity of electricity, and bringing near it a metallic disk, 
supported by a glass handle. If the disk be withdrawn without 
lidng touched, it will be found in the natural state ; but, if it be 
touched for an instant while near the conductor, and then immedi- 
ately withdrawn, it will be found charged with electricity of a na- 
ture-contrary to that of the conductor. 

If a metallic disk be taken, supported on an insulating stand, and 
charged by means of a spark, it may be used in the above experi* 
ment instead of the conductor of am^c\»^uft, «xi^\X ^tKlt^^tl^^ 



» 
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power of communicating electricity to the disk that is preseuled tc 
it, until its whole charge has been dispersed by the air. 

The separation of the two electricities in the body which is presented 
to that charged with electricity, becomes more complete tlie more 
near the bodies are brought to actual contact. This distance can- 
not, however, be diminished beyond certain limits, or else a spark 
will pass between the bodies. For this reason, a thin plate of a non- 
conducting substance roust be interposed. Biot. 



559. This principle is applied to the construction of the elec- 
trophorus ; thus, a metallic disk, similar to the lower plate of a, 
i.-ondenser, may be insulated, covered with a plate of glass, and 
electrified by a spark. If another plate, with an insulating han- 
dle, be placed on the glass, touched, and withdrawn immediately, 
it will be foimd to be charged with the opposite electricity ; and 
this experiment may be continually repeated for a considerable 
space of time. Electrophori may be constructed when the 
thickness of the insulating plate is insensible. To effect this, it 
is only necessary to form the lower plate of glass or resin, and 
electrify it by friction. These substances have so strong an at- 
traction for electricity, that a metallic disk may be set upon 
their upper surface, without depriving them of any appreciable 
quantity of it; on the other band, their influence in decompo- 
sing the two electricities in the metallic plate that is presented 
to them, is powerfully exerted. Biot. 

The electrophori that are most generally used are composed of a cako 
of resin, cast in a metallic ring ; they are electrified by striking 
plate with a dry catskln ; they are then charged with resinous ele<»' 
tricity, and communicate the vitreous to the upper plate. 

[ This apparatus is frequently used In the laboratory instead of i 
pensive machines, and if set in a dry place it will relai 
ty for whole months. The electricity appears to be finally dis^is- 
ted in consequence of the attraction between the two fluids, which 
overcomes the rei^tance tliat the resin opposes to the separation of 
its electricity. 
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pearances, may be more rapidly brought abont, for if the edge of the 
metallic cBsk be applied to the phte of resin, instead of its flat nr- 
face^ the electricity of each portion of the latter, with which it 
comes into contact, will be destroyed. After a few contacts, so ar- 
ranged as to include the whole sur^e of the resin, it fnll be entirely 
discharged. 

If the metallic disk be applied in a similar manner to a cake of renn 
in the natural state, it will charge it with vitreous electridty ; and if 
a metallic plate be set on its surface, we shall have a second dec- 
trophorus, ^ving electricity of a nature contrary to that of the first. 

The surface of the cake of resin may be only partially dectrified, 
by affixing a knob to the metallic plate, and drawing it over the sur- 
face in those places it is wished to electrify. The path of the knob 
may be rendered visible by spreading over the surface of the cake 
of resin a light powder formed of a non-conducting substanoe ; its 
particles will remain attached to the parts that are electrified, and 
arrange themselvea in a variety of figures. See BiOT, PftdM^ 
Voin. 



Tht Leyden Phial. 

560. When the plates of a condenser are separated by a sheet 
of glass, not varnished, the electricity will leave the plates and 
attach itself to the glass ; in this way the opposite surfaces of 
the glass become charged with electricities of opposite natures, 
and the metallic plates have in fact no other office than to keep 
up a free communication between the different points of each 
surface of the glass. If a communication be made between the 
metallic plates, the two opposite electricities will instantly unite 
and neutralize each other, leaving the condenser in its natural 
state. In like manner, if a vessel, partly filled with water, be 
grasped in the hand, and a metallic conductor communicating 
with the prime conductor of an electric machine, be plunged 
into the fluid ; and if, after a few turns of the handle of the ma- 
chine, the other hand be brought in contact with the prime con- 
doctor, Si sensation will be perceived that is caused by the pas* 



■age ot'the electricities through the body ; Uiis setuation is call- 

_ ed the electric sliock, and will be violent in proportion to the 

riie of the vessel, the power of the machine, and the time it baa 

a motion. 

These two experimentg are analogous ; the latter was first in order of 
time, and was made at Leyden, by Ciinceus and Muschenbroek. 
In pursuing their researches, they fell upon the construction of the 
instrument that we call, aAer the place of its discovery, the Leyden 
Phial. 

561. The most convenient Torm of the Leyden Phial is a bot- 
» tie or jar of common glass, on whose outer surface a thin coat 
of .metallic foil is glued, and whose interior is covered 
same manner, or merely filled nith strips of a similar foil. 
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562. The theory of this iustmment is the same as that of the 
condenser. The electricity introduced into the inner part of 
the phial acts by induction on the natural electricities of the 
outer surface, and decomposes them. If the electricity intro- 
duced be vitreous, the outside of tlie jar is charged with resinous 
electricity ; when the two sides are made to communicate, the two 
electricities that are there accumulated unite with great velocity 
and rapidly traversing the human frame, produce the shock, 

In order that tite instrument shall act, the outer coating must comm» | 
nicate with the ground when the charge is introduced in 
and vice versa. 
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563. When electricity is communicated to difierent Leydet 
phials, the charge they receive is found to increase with the in- I 
crease of the coated surface. For tliis reason, when we wish to I 
accumulate great quantities of electricity, we connect together a i 
number of large jars, making the inner coatings of the several 
jars communicate with each other by means of metallic wires, 
and placing their outer coatings in contact. 

Vol. n. G 
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This apparatus is called an electrical battery ; it is usmlly placed 
upon an insulating support, and has a communication with the 
ground by means of a conductor that may be removed at pleasure. 

When a battery is composed of a number of bottles, it will take a great 
space of time to charge it in the usual manner. But any number of 
botdes whatever may be charged in the time it would take to 
charge one ; for if one Leyden jar be insulated, and its inner sur&ce 
connected with the conductor of a machine giving vitreoos electrir 
city, another jar may be charged from its outer coating ; and if this 
second jar be insulated a third may be charged from the outer coat- 
ing of the second, and so on for any number of jars, provided only 
that the outer coating of the last jar is conneicted with the ground. 

564. In charging jars, and batteries composed of combint- 
tions of jars, it is important to know the state of their electricity 
at every instant of the process ; for there is a point of accumu- 
lation when the intensity of the two opposite electricities will be 
so great as to overcome the resistance of the air, and cause a 
spontaneous discharge ; and in the case of the battery this is 
frequently attended with the fracture of several of the jars. To 
enable us to stop the action of the machine before this explosion 
is likely to take place, we make use, of the quadrant electrometer 
of Henley. This instrument consists of a wire moving aromri 
one of its extremities as a centre, and havidg a pith ball at the 
other end ; it is placed in communication with one side of the jar 
or battery to be charged, and the state of its electricity is judged 
of by the repulsion of the pith ball from the body of the instru- 
ment. The divergence is measured in degrees marked npon a 
graduated circle. 

This instrument does not give any absolute measure of electricity ; but 
if it has once been used, and the point at which a spontaneous dis- 
charge is to be feared observed, it will enable us thereafter to avoid 
that danger. Biot. 

565. In discharging phials and batteries, instruments called 
dischargers are employed. These have insulating handles of 

glass, to preserve the experimenler from x\v^ ^Viods., \xvd^d^ every 
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precaution must be taken when large batteries are used, to avoid 
being exposed to tlieir explosion, the effects being sufficiently 
violent in many cases to cause loss of sensation, or even death. 

566. Electrical batteries may also be constructed of plates of 
glass, interposing a leaf of metallic foil between each of them, 
and making communications between tlie alternate leaves. In 
this construction a very powerful combination may he enclosed 
in a small compass. It is mentioned by Franklin, (see the 3d 
vol, of his works,) but has since been rnnstructed by Professor 
Dana of Harvard University. See Silliman's Journal, Vol. I. 



Effects produced by the Electric Shock. 



»567. In the same manner that the electricity with which a ' 
Leyden jar or battery is charged, becomes sufficiently powerful 
to force its way through the interposing air, it may, when ac- 
cumulated, acquire sufficient power to discharge itself through 
other substances more dense than air ^ in doing so, it separates 
their particles from each other, and will produce many remark- 
able effects. 



(l) The discharge of a powerful hikitery will (par in pieces cylinder^ I 
of wood that are interposed in ihe circuit ; will kill living animals, ' 
whose flesh will putrefy as rapidly as those which are struck by 
lighming; and will break and pass through plates of pohshed 



I 



{2) If it be transmitted through wires of iron, silver, or copper, ll^l 
melts them into small globules ; and if the charge be slill more pow- I 
,erful, it burns and converts them into vapour, and will do si 
to gold. 

(3) Where these last experiments are made in close vessels, contain- 
ing gaseous substances, but whore oxygen is not present, the melals 
are merely melted. 

(4) The electric discharge of even a small phial, will inflame a mix- J 
ture of oxygen and hydrogen gas-, it\Wc\iTo^cT<vsTO.>»e'swt 
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fbnner by bulk, to two of the latter, the wfaoleiiiaM will be con- 
verted into water. 

« 

(5) A similar discharge will also inflame phosphorus, ether, alcdiol, 
gunpowder, &c. 

(6) The electric discharge will not only form water by combiniiq; hs 
element^ but it will separate water into its component parts. The 
best appiiratus for this purpose is one contrived by WoQaston. By 
means of the same apparatus, solutions of some of the metallic salts 
may be decomposed, and the metal separated from the acid ; the 
latter wHl be found arranged in a metallic state around the wire 
proceeding from Ae resinous side of the jar. 



or ATMOSPHERIC ELECTRICITY. 

568, Hiere are many phenomena that occur in the atmos- 
phere, in the production of which electricity performs an im- 
portant part ; among these, lightning is the most remarkable. 

Soon after the discovery of the Leyden Phial and Electric Batteries, 
the analogy between their effects and those of lightning was remarit- 
ed. Franklin was the first who pointed out a method by which 
their identity might be ascertained. Being aware of the effect of 
points in drawing off electricity from a distance, he pn^Kised to 
make use of a metallic rod, elevated against a lofty spire, and ter- 
minating in a sharp point ; were lightning and electrici^ identical, 
he inferred that electrical appearances must manifest themsdiRBS at 
the foot of this during the occurrence of thunder gusts. Having no 
fit place withm his reach for the performance of this experiment, he 

^ called the attention of the learned of Europe to the subject ; and, in 
consequence of Ins representations, an apparatus was erected in 
France, by Dalibard, who, during a storm of thmider, rtewed 
sparks from it, was enabled to charge a phial, and perform the other: 
experiments of which an electrical machine is sapable. 

The method was afterwards improved by Canton, who contrived an 
apparatus to give warning of dw appearance of electrical phenome- 
na ; he fonnd some clouds chaiged with vitreous, others with resi- 
nous elecSricify^ discovered that snow and rain, unaccompanied by 
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I lightning, eleclrilied the apparatus 
as well in winter as in summer 



and thai tlie phenomena 



mena occuri^i^^^H 



Before the news of Dalibard's success reached Franklin, he had hun- 
self succeeded in drawing electricity from llie clouds, by n 
kite. SeeFnAsiLiN's Worla, Vol. III. 

569. In consequence of the fnll proof thus afforded of the' J 
identity of lightning and electricity, Franklin conceived that th# J 
effects of the former might be prevented by furnishing buildings J 
with pointed conductors ; the points acting to draw off the elec- 
tricity without explosion, and the conductor itself to convey it 
to the ground. This apparatus is called a lightning rod ; in 
some countries of Europe, it goes by the name of its contriver. 

A space of upwards of half a century lias fully proved the great valiM 



I 



tliere are several conditions to be Rillilled, tn order to render it cffica 



(1) The point must be of a substance that will retain its sharpnes 
otherwise the discharge will not be a silent one. For this reason, i 
was formerly made of steel and gilt ; hut the best substance for the] 
purpose is platinum. 

(2) The communication with the ground, and between the severa 
parts of the rod, ijust be perfect, for without this precaution, espio 
sions would occur, and the lightnmg rod would be no longer t 
protection. 

(3) Tiie rods must not be less than an inch in diameter ; if less tU 
' this, they might run the risk of being melted, like the metallic v 

submitted to tlie experiments in ^ 567. 

Cords, farmed of metalUc wires, are sometimes employed instead oil 
rods; these have the advantage of readily adapting themselves t( 
the figure of the building. To make the communication widi th^ 
ground complete, the rod must be buried until il meet with n 



When bars of metal are numerous hi the constTu.ctioB.<«£ ^.ViJiSa 
tbeyshouid be united into asysWmoltonAnttot^-, ^^*o^^w■ ^ 
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they tend to add to the security. It is usual, when an edifice is 
large, to place lightning rods at intervals of 60 feet. 

570. There is occasionally a lateral shock, when the conduc- 
tor, through which an electrical battery is discharged, is not 
large enough to convey the electricity ; the same will occasion- 
ally happen in the case of lightning rods ;. althofugh this pheno- 
menon is but of rare occurrence, it is for this reason unsafe to 
carry a lightning rod through a building that contains inflam- 
mable substances. 

571. It sometimes happens, that animals are killed during a 
thunder storm, although the lightning is at the moment remote. 
This may be explained as one of the phenomena of electricity 
by induction ; for if we imagine an electrified cloud to be hang- 
ing over the earth, with two portions near its extremities lower 
than the intermediate parts, this cloud will electrify the ground 
beneath by induction, which will assume electricity of a contra- 
ry nature to that of the cloud. When the spark passei in the 
form of lightning, the equilibrium will be restored, and this will 
bef done so rapidly at the point beneath the other extremity of the 
cloud, as to cause a violent shock, sufficient in some cases to 
destroy animal life. 

572. When very sensible electroscopes are exposed to the ac- 
tion of the atmosphere, it will rarely happen that they do' not 
manifest signs of the presence of electricity. For this purpose, 
they are furnished with a long pointed rod, inserted into the 
knob of the instrument. 

The intensity of the electricity of the atmosphere, is found to increase 
as we recede from the earth. This fact was first pomted oat by 
Saussnre ; and his inference has been fuUy proved by Gay Lnssac 
and Biot. 



PAytia. 



OF THE ELECTEICAL UOHT. 

73. The light which is produced by electric explosions, wai | 
isidered as a modification of the electric fluid, that wdr 
thought to have the property of becomhig luminous when acciv 
(uulated to a certain degree. Biot is, however, of opinion, that 
it is caused by the mechanical coAprsssion of the air, that takes 
place when the explosion occurs, in the same way that light ig 
produced when air is compressed in a syringe. 

It might be objected to this hypothesis, tlmt the electric light may be 
shown in the vacuum both of tlte air pump and the baroi 
_ even ihese contain the vapour either of mercury or of water, whose 

^B compression will be sufficient to account for the light that i 
^m served. 

The appearance of the electrical light may be varied in a number of 
different ways, and thus give rire to many eiperiments of great 
beauty. As none of these have any immediate scientific applica- 
tion, we shall not detail them. The curious may consalt Adahs»i 
Cavallo, and Sikoex, and the several articles on Eledrieity m\ 
Rees' Cifclopedia, and the Encyclopedia Brifannica. 
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iVANlC ELECTRICITY. 



574. The phenomena of electricity are produced, not only by 
the means already explained, but may be developed in several 
other ways. Thus, the friction of liquid mercury on glass pro- 
duces electricity, as does also a current of air blown from a bel- 
lows on a plate of glass ; all changes in the state of bodies ap- 
pears to be attended with like phenomena, as is manifested in 
the conversion of water into vapour, die heating, cooling, and 
congelation oi' resin and sulphur ; finally, electricity is developed 
by the mere contact of conducting substances. 

575. The developmeuC of electricity hy the mere contact of I 
diflerent substances, was first observed by Gatvani, a physician f 
of Bologna, in Italy, in 1789, In m'AVme, ewj«"t\TO!«N\s. la 
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excitation produced in the muscles of animals by electricity, he 
perceived, that when the nerves and muscles were made to com- 
municate by a metallic arc, they were convulsed and act in mo- 
don ; he also fi)und that this effect was very much increased 
when the arc was formed of two different metals. 

Galvani supposed that these phenomena were produced in coose^ 
quenceof the nerves ao^Anuscles having electricity of the di^ 
ferent kinds developed in them^ and that the arc of metal acted 
merely as a discharger does when a communication is made between 
the opposite sides o^a Leyden phial. 

VciUif who repeated the experiments of Galvanic finding that the 
presence and contact of two metab was almost essential to the pro- 
duction of the phenomena, ccmceived that they were caused by this 
very contact. Pursuing the investigation of this subject, he ascer- 
tained that the contact of zinc with silver or copper, was capable of 
exciting more violent convulsions than the contact of any two other 
metals. 

Volta having reached this point, was enabled to explain, by means of 
his theory, several phenomena of sensation, that had, until bis time, , 
been considered as anomalous. See Biot, Precis^ Vol. II. 

576. The truth of Volta's theory may be proved by taking 
two plates, the one of sine, the other of copper, of the diameter 
of two inches, perfectly plane, unvarnished, and provided with 
insulating handles. If these plates be held by their insulating 
handles, brought into contact, and then separated, they will ex- 
hibit electrical phenomena. It may so happen, that these are not 
suffidendy powerful to affect the dectrometer ; in this case, the 
electrometer must be joined to a condenser, and the electricity 
of several contacts accumulated. If after seven or ei^t con- 
tacts, the upper plate of the condenser be withdrawn, the leaves 

or pith balls of the electrometer will diverge. Biot. 

 

This experiment requires cert£un precautions ; for which, see Biot, 
Predsj Vol. II. p. 6l9. 

577. The result of similar experiments upon the other metals, 
and on many different substances, \ewAs\o ^\vw9 i^\^\i^\^ c^t^.-^v. 
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if all heterogeneous bodies whatsoever, is attended with die de- 
I.Telopemeat of electricity. This is not, however, of equal iaten- 
Ifiity, but varies with the nature and properties of the two sub- 



578. If two circular plates, the one of silver, the other of cop- 
ier, be pressed firmly together, an^ if the other face of the zinc be 
»>vered with a moist conductor, that does not itself act to produce 
electricity in the zinc ; fur instance, a circular piece of paste- 
board, or cloth moistened in water ; every conducting body that 
is placed upon this system will receive vitreous electricity from 
the zinc surface. If then a second system of plates be laid upon 
the first, the copper surface being next to the moistened clotb ; 
this second system will in the first place, as a conducting body, 
partake of part of the vitreous electricity of the zinc plate ; and 
the second plate of zinc will acquire in addition a fresh quantity 
of vitreous electricity from its contact with the copper. If se- 
veral similar systems be laid upon each other, they will consti' 
tute an apparatus in which the electric energy of the successive 
parts will increase with the number of pairs of plates. 

An instrumi'nt, constructed upon this principle, is known by the na 
of tlie Galvanic or Voltaic Pile, 'I'o it ntitural philosophy t 
chemistry ore indebted for many important discoveries. 

Volta also contrived another instrument, called the Courorme deg 
Tastes. In this a number of cups are filled with a liquid, and in 
each is placed a plate of zinc and a plate of copper; these plates are 
coniiecled together by wires, so that the zinc plate of the flrst ctqi 
may conuuunicaie with the copper of (he second, and so i 

Li the original apparatus of \'olta, a number of circular disks of silver 
and zinc were arranged in pairs, with paper or cloth moistened in 
water interposed between each pair. A few alternations were 
found capable of affecting the human body,and of causing the leaves 
of an electrometer to diverge. When the electricity produced in 
this manner is examuied, the electrometer in contact with the most 
oxidabie metal is found to be charged with positive, the other with 
negative electricity. 

Vol. II. i: 
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579. The power of the Galvanic apparatus, lo cause the 
leaves of the electrometer to diverge, increases with the miltaber 
of alternations, and appears to be independent of the chemical 
action of the fluid with which they are moistened. Indeed, the 
several pairs of plates may be separated by dry paper, and stiD 
affect the electrometer, although not very powerfully. 

This is manifested in De Luc's Electrical -Cokmrny which connsts of 
a number of ahemations of silver leaf, zinc leaf, and thin paper. 
Piles of this description will retain their electrical action for a 
great length of time. 

580. The power of the Galvanic pile to produce shocks on 
the human body, appears also to increase with the number of 
alternations. 

581. The Galvanic apparatus was discovered by Carlisle and 
Nicholson to possess strong powers of chemical decomposition. 
It has since been very extensively applied to this object* The 
chemical powers of the apparatus are found to depend not only 
on the number of alternations, but upon the chemical acdon that 
the interposed liquid has upon the plates, and,4n some small de^ 
gree, on the size of the plates. 

In the earlier experiments of Carlisle and Nicholson, the imperfect 
conductors, interposed between each pair of plates, were moistened 
with water ; to this succeeded solutions of neutral salts, and finallj 

^ dilute acids. 

582. The application of these liquids to the pile, is by no 
means convenient ; for this reason, various modifications of the 
original apparatus have been introduced. 

One of these consists in soldering the plates of zinc and copper toge- 
ther, and cementing them into troughs of baked wood, so as to form 
cells to be filled by the fluid. In arranging this apparatus, each 
surface of zinc must be opposed to one of copper. 

In another modification, plates of copper and zinc are connected to- 
getber in pairs by a sheet of copper, and VxitradAiced into a trough 





lormeil of a non-conducting substance, tliat is divided into a number 
of cells ; troughs of wood, with plates of glass cemented into (hem, 
"e first used, but trouglis of porcelain, formed into cells by parti- 
is of the same material, have superseded them. Dr. Hare pro- 
poses to use celb of glass. Dr. Wollaston baa discovered that the 
action of a Galvanic apparatus is much increased by extending the 
copper plate around the sine, so that each surface of the latter may 
be opposed to one of the former. 



5S3. Among tbe chemical efiects produced by the Galvanic 
apparatus, the following are the most remarkable : 

(l) If two platina wires be adapted to the two poles of a Galvanic 
apparatus, and both inserted into tlie same vessel of water, a con- 
tinual current of oxygen will be found to rise from the wire that 
'ith the vitreous pole, and one of hydrogen from the 



^i (2) Bj diflerent modilications of the apparatus, the two gases may be 
■t cdlecled and measured ; wbeo this is done, the quantity of hydro- 
gen is found to be double that of oxygen. This is exactly the pro. 
portion in which they unite to form water ; they may be again uni- 
ted by exposing them to the spark of an electrical machine, or the 
discharge of a Leyden jar. 

Water may also be decomposed by common electricity, in an appara- 
tus invented for the purpose by Wollaston. 

< fS) The rapidity with wliich a certain number of plates decompose 
water b found to l>e much affected by the state of the water that is 
acted upon. Thus, if it be nearly pure, hut little gas will be dis- 
' engaged ; if common pump water be used, the production of gas will 
be greater ; if solutions of neutral salts be employed, the dischat^ is 
still farther increased ; and mixtures of acid with the watcrore found 
to give out the gases in the greatest abundance. 

(4) The quantity of gas disengaged in a given time is also affected by 
die greater or less strength of the dilute acid, with which the cells are 
filled.' In the Battery of the Royal Institution, il was found thai 
120 plates acted upon by a mixture of one part of nitric acid to 
three'of water, was as powerful as 480 acted upon by acid dilutedj 
by fifteen parts of water. 
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(5) When a more powerful Galvanic drcuit is employed, the sub- 
stances held in solution or combiiied with the water, as mentioned 
in (3) are themselves decomposed ; thus, if a solution of acetate of 
lead be employed^ the negative pole will be found covered with a 
niimber of needles of metallic lead. This was first observed by 
Cruikshanks, while repeating the preceding experiments. He ob* 
tained similar results with idutions of sulphate of copper and ni- 
trate of silver. 

(6) In pursuing this subject, Cruikshanks found, that when neutral 
salts were contained in the water, and the electric circuit transmitted 
through infusions of vegetable blue, that the separation of the add 
from the alkaline base, and their collection at the two poles^ was 
mariied by a change of the colour. 

(7) This effect was found to be produced even when distilled water 
was acted upon, and hence it was supposed that the Gralvanic action 
actually formed the acid at one pole and tHe alkali at the other. By 
making use of the greatest precautions, Sir Humphrey Davy showed, 
that this was not the fact, but that the alkali was furnished by the 
decomposition of the glass vessel, while the acid is formed by a 
union of the oxygen that is let loose with the azot of the atmos- 
phere. 

(8) When separate vessels are used containing a solution of a com- 
pound substance, and the communication between them is afiected 
by animal fibre or moistened amranthus, the substance will be sepa- 
rated into its component parts, and each of them will be found in a 
cup by itself. In this transfer, acids will be carried towards the vi- 
treous, alkalies towards the resinous pole. This discovery was made 
by Hesenger and Berzelius. 

(9) When the caustic alkalies are submitted to the action of a powerfiil 
Galvanic' battery, they are decomposed ; a metallic substance being 
found at the resinous pole, and oxygen given out at the vitreous. 
This very remarkable fact was first observed by Sir H. Dayy. 
BiOT, Prccw, Vol. IL 

See also Bostock on Qahanisfk; Davy, Bakerian Lecture ; Davy, 
Elements of Chemical Philosophic. 

584. In consequence of the ^nion ot AcOovcaX. «xvA. c^Wovieal 




, tctioD io the Galvanic pile, aiid the fact that etcciric 
are exhibited by the same bodies when acting in masses, which 
produce chemical phenomeaa when acting by their particles, 
Davy was led to infer, that the primary cause of both might be 
the same ; and tliat the same powers which place bodies in the 
relations of positive and negative, or vitreous and resinous elec- 
tricity, may render their particles attractive of each other, and 
enable them to combine when thov have full freedom of mo- 
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trical effects ^^H 
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5S5, When the communication between the two poles of a 
Galvanic apparatus is made by metallic wires, if the circuit be 
weak, and they be brought gently together, they will be found to 
adhere strongly ; if the wires be of iron a spark is perceived, 
and this will be sufficient to set fire to inflammable substances. 
If the energy of the apparatus be increased, the wires are thetq 
selves inflamed. 

^ It is found that this species of action follows a very dillerent law fraifl 
that which produces electrical, or that which causes the chemical J 
phenomena. The power of deflagrdting appears to depend rather J 
upon the size of the plates than upon iheir number ; still, howeverj 
a certain number of plates Js absolutely necessary to produc 
very striking efTects, as is evident from the experiments of Profess 
Hare, of Philadelphia. 

,Tlie first powerful apparatus for deflagration, was constructed by Mr. 1 
Children ; each of his plates Lad a surface of sixteen square feet. 

Apparatus of still greater power lias been since conslnicted by Profes- 
sor Hare ; he calls his insirumenf the Deilagrator ; the experiments 
performed with it are of the most striking and splendid kind. 
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586. Polar electrical arrangements, similar to thoEe formed 
of line, copper, and an imperfect conductor, may be made by 
various alternations of conductors and imperfect condw;.tft"etir 
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the series must consist of three substances or more, and one at 
least must be a conductor. 

Thus, silver or copper^ when brought into contact with a solution of 
sulphuret of potassa on one side, and with water or a solution of ni- 
tric acid on the other, some saline solution being interposed between 
the two liquid substances, forms an element of a powerful Gralfanic 
combination. Davt, p. 82. 

587. There are certain animals that are fumbhed by nature 
with organs capable of exciting electrical phenomena. These or- 
gans appear to be formed of arrangements of exciting bodies, 
similar to those employed in Galvanic electricity. The shock 
of the torpedo and gymnotus electricns, resembles the Voltaic 
shock ; and the power resides in organs which consist of a num- 
ber of similar alternations of different substances. It has also 
been imagined, that other phenomena of vital action may be 
connected vrith the operation of electrical powers. Some in- 
genious hints on this subject have been suggested by W<dlaston 
and Home, and experiments relating to the subject instituted by 
Mr. Brande. Davy. 

Such inquiries must not be confounded with certain irague hjrpotheses 
that have been advanced by some authors, on the general depend- 
ance of nervous and muscular action on electricity. Davt. 
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SECTION THIRD— MAGNETISM. 



GENERAL PROPERTIES OF THE MAGNET. 

588. There Js a class of the ores of iron, where the metal ex- 
ists in the state of protoxide, that possesses the property of at- 
tracting pieces of the purified metal. This force of attraction 
is sometimes so powerful as to raise considerable weights, and the 
ore is then called V Magnet, 

The most simple method of exhibiting this property is, to roll the 
magnet in iron filings ; when it is withdrawn, a portion of them 
will remain attached to its surface. Upon examination, it will be 
found that the iron filings are not equally distributed over the whole 
surface, but are most accumulated at two parts that are on opposite 
sides of the magnet i at these places, the filings stick together, and . 
are arranged in a number of parallel threads. Biot, Precis j Vol. II. 

The two opposite sides of the magnet, when this appearance occurs,, 
are called its 27o/e«. 

Each pole, when presented to filings of iron, attracts them from a dis« 
tance, precisely as excited electrics attract light bodies. 

• 

589. That this attraction is not electric, is proved by its act- 
ing with equal force through substances that are' conductors, 
and those that do not conduct electricity ; neither water, glass, 
flame, nor ^per, interrupt its action ; insulation is not necessa- 
ry, nor does the magnet lose its virtue when touched* Biot. ^ 

590. We are ignorant of the ultimate cause of these pheno^^^ 
mena, but in order to avoid circuijalocutvQu^ '^^ ^"^ '>x\s^ "^aifc 
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name of Magnetism^ and employ it hypothetically, in the same 
way that we have done the terms Heat and Ehctriciiy. 

591. .If one of the poles of a magnet be brought near to the 
two poles of another magnet in succession, it will be found to 
attract one of them and repel the other. Its opposite pole wiD, 
on being presented to the poles of the. other magnet, attract that 
which the first pole has repelled, and repel that which it at- 
tracted. 

Hence it may be seen that the forces exerted by the two poles are not 
the same^ for one attracts what the other repels. This b analogous 
to the phenomena of the two electricities, and may be explained by 
supposing the existence of two magnetic prindples, precisely as we 
assume the existence of the two principles of vitreous and resinous 
electricity. 

592. A piece of iron placed in contact with a magnet be- 
comes itself magnetic, exactly as an insulated body becomes 
electric when placed near an excited electric. 

This may easily be shown by using bars of soft iron ; these readily ac- 
quire magnetic properties by mere contact ; they however part with 
them almost as speedily as they receive them. 

Bars of steel may be also magnetized by contact, but with greater diffi- 
culty; when they have acquired magnetism they retain it much 
longer than soft iron. Magnetism may be communicated to a bar 
of steel sooner and more powerfully by means of two inagnets than 
by one ; its extremities are to be placed at the same time in contact 
with those poles of the two magnets that attract each other. In this 
way the same two magnets will communicate magnetism to a num- 
ber of bars in succession, without losing any portion of their own 
power. BioT. 

593. If a steel bar or needle, in which magnetism has been 
■. communicated, be suspended horizontally by a thread of nn- 

spun silk, or set to float upon water on a small piece of wood,^ 

it will remain at rest in one determinate direction only; this, in 

the United States, deviates but a few de^ee^fTt^m the true mcri- 
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dian. In Europe it is at this moment a ilirectioii that differs 
but little from N. E. and S. W. ; and it diflers in different 
places of the earth, being in some exactly in the meridian, i 
dining in others towards the West, and in others again towards 
the East. 

This deviation from the meridian is called the Magnetic Declination f I 
the vertical plane passing through the poles of the magnet, the Mag- ' 
netic Meridian. 

594. The declination of the magnet is not constant at the i 
same place, but is found to have both a diurnal and periodic ] 
variation. 



595. When a magnetic needle is suspended freely by its ceii>> ' 
tre of gravity, it will be found not only to place itself in the 
magnetic meridian, but will assume a position inclined to the 
horizon. In nortliern latitudes, the nortliern pole of llie magnet 
will incline beneath the horizontal plane, and the other will be 
raised above it. This angle of inclination varies but little at the 
same place, and is called the dip of the needle. There is a 
zone not far from the equator, where the needle hangs in a hori- 
zontal position ; to the south of this, the northern pole will be 
elevated and the southern will dip. 



596. If a bar of soft iron be placed in the direction that would 
be assumed by the dipping needle, it immediately acquires mag- 
netic properties ; these are transient, remaining no longer than 
the bar retains its position, and its poles may be changed in an 
instant, by reversing the position of Its extremities. When a 
bar hag been long fixed in the magnetic meridian, tike those 
crosses which sometimes surmount tlie spires of churches, the 
lagnetism acquired will be permanent. 

In these instances, the magnetism is received from the earth, which, in 
fact, acts upon ferri^ineous bodies precisely as if it were a great 
magnet. It has, like a magnet, poles, hut lliese do not coincide with 
the poles that form the extremities d( \.W«as^'% %v\ 

vou. n. S 
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The north magnetic pole of the earth has magnedfm of the same 
quality as that end of the needle that points to the south, and Yice 
versa. 

597. Iron and its compounds were long thought to be the 
only bodies capable of exhibiting magnetic phenomena ; but of 
late years nickel and cobalt have been found to possess the same 
property. 

598. A red heat is found to destroy the magnetism of a bar 
or needle, and it does not entirely recover it on cooling ; if cool- 
ed in a direction perpendicular to the magnetic meridian, it will 
show no magnetic properties whatever ; but in any other position 
it will recover some of its virtue, and most when it is cooled in 
the direction of the magnetic meridian. Biot. 

599. The analogy of the phenomena of magnetism to some 
of those of electricity has been already remarked; this analogy 
is most striking when the properties of the magnet are compared 
with those of the tourmaline and the electric pile. Biot. 



OF THE COMPASS. 

600. The compass is an instrument wherein a magnetised 
needle is employed to ascertain the direction of objects from the 
point in which it is placed. It is more especially useful in pcrint* 
ing out the course of a vessel when at sea, and out of sij^t of 
land ; without this valuable invention, it would have been next 
to impossible to have traversed the great oceans, that form so 
large a portion of the surface of the globe. 

The mariner's compass has a magnetic needle, supported in a horizon- 
tal position on a pivot ; the needle is for this purpose fitted with a 
counterpoise that destroys the action of the dip. It is affixed to a 
circular card in the direction of its diameter ; the card is graduated 
on its outer circumference into 360 degrees^ and upon an inner dr- 
de IS divided into 32 equal parts, called potnts of the compa»; by 





Phj, 



IS ot these divisions the bearing is ascertained. The card is e) 
dosed in a circular bo^t tiiat is suspended hy means i>r two concentric 
rings from two axes at right angles to each other. By this contri' 
vance, the needle is maintained in its horiiontai position, even when 
exposed to the violent motions of the sea when agitated by storms. 



. Magnetic needles are also used by land suneyors, attached to various 
instruments, such as the Circumferentor, the Graphoraentor, and the 
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■ODES OF DETKBMINING TBB DIRKCTIOM AND INTENSITY 
THE MAGNETIC FORCE. 
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601. The severa] circumstances which it is necessary to know 
in relation to the force of maguetism at any point on the surface 
sf the earth are : 

r angle which the magnetic makes with the tnwJ 



(1) The declination i 
meridian. 

(2) The dip or inclination of the needle to the horizon. 

(3) The intensity of the magnetic force. 

(4) The variations in the declination and dip, if any. 



602. The declination is observed by means of an instrumeBt 
called an Azimuth Compass. This enables us to ascert^ 
the angle of the horizon intercepted between the magnetic 
meridian and a vertical circle passing through the sun or 
some other heavenly body. If the angle intercepted between 
the true meridian and the same vertical circle be calculated, the 
diHerence will be the magnetic declination. . 

The best construction of the azimuth compass, appears to he that by ' 
Captain Katei' ; in this, an 6bserver sees at the same moment a fine 
thread that is made to coincide with tlie position of the body whose 
place is observed, and the reflected image of a point on a gradua- 
ted circle that marks the direction of the visual ray in t 
the magnetic meridian. 
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T^ «ie dm fiMtroflMnt. h most fine be pbced truly m ike 
il ifM M U i, attd mtammdy lerelkd. Tbe arcs of the 
tUff drrenpomfinf u> the tvo eitmnhies of tbe neeAr, 
be nrxed, and the mean takeo for the proximate cfip. To 
the chance of ^rror^ th« imtrnm efrt shoidd tfaea be 
rnnthf until the face vhich (aced the east in the ibrmi 
tees the west; the tame observatioo is then to be repeated, arilbe 
mean /if the two taken as the true wmdL In Captain Sabine^ im> 
provement, tfie result thus obtained is to be corrected by the fivrnHh. 

t^. fHtUjnOrUlCAL TjLAN'SACTIOKSy fOT 1822. 

6(M« Tbe intensity of the force of tnagnetism, is dedooedt 
from tbe number of seconds in which a needle performs m cer- 
tain number of vibrations in a horizontal plane, and tbe dip at 
tbe same place. 

If R (h! th<f intifnsity of magnetism at a place where the number of vi- 

brati^ins in a given rime is N^ and the complement of the dqi Z; r, 

' the intensity at a place where the vibrations in an equal space of 

time is n, and the complement of the dip z^ may be found by the 

formula : 

N' sin. Z 
r = R 



I 



PAyJi'rs. 

To avoid error, ihe needle must \x suspenJed in sucli a way lliat the 
torsion of the string shall have no effect upon the number of vibra- 



605. If tliere be any diurnal variation in the dip of the nee- 
dle, no instrument has yet been contrived by means of which it 
may be observed. To ascertain the diurnal variation of the de- 
clination, a very delicate and beaatil'iil instrument has been con- 
trived by Captain Sabine ; the needle is suspended by a thread J 
of unspun silk, and the divisions of the instrument are read « 
great minuteness by means of microscopes, similar to thoael 
used by Troughton, in his Astronomic Circles. 



606. The direction of the needle, both as regards its dip xat 
declination, is very liable to be affected by local causes ; thus, 
the presence of iron, even in small quantities, will alfect llie re- 
sult of nice and delicate eiperiments. This is very remarkable 
on shipboard, when the quantity of iron present has such an 
eflect that the absolute direction of the needle is clianged at 
each change of the course of the vessel. 



is last 
BioT, Pre. 



ifas first observed by Captain Flinders. 
Elemenlairtk Vol. U. 



r THE ACTION or THE UIGNBT OH ALL UATEKIAL SUBSTANCES. 



- 607. It has been said, in ^ 597, that iron, nickel, and cobalt J 
e the only magnetic substances with which we are at present 
»;|uainted. Tliey are, in fact, the only ones to which i 
• nanent state of magnetism can be communicated.. It has, how- 
ever, been lately discovered by Coulomb, that if very fine needles 
of any substance whatsoever be taken and suspended between 
the opposite poles of two very powerful magnets, and if they be 
made to oscillate, their oscillations will be more frequent than if 
the magnets were not present. 

' This remarkable fact is as yet without 

That the increased frequency of \\\c oscAWto^?.' 
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sence of the magnets is evident, but whether their action is in this 
case merely magnetic, or whether some other cause of motion is 
called into action, is not yet determined. Biot. 



OF THE LAWS OF TERRESTRIAL MAGNETISM. 

On this interesting subject many new and important facts that will ma- 
terially affect former theories and inferences, may be houily expect- 
ed from the researches of Captain Sabine. Until these shall be 
made public, we must content ourselves with following the track 
pointed out by Biot. 

608. To observe the circumstances of terrestrial magnetism, 
the instruments that have been described should be carried to 
different places on the earth's surface. Previous to doing this, 
great care should be taken, if the same instruments cannot be 
used in succession at the several places, to compare those in- 
tended for any place vnth the instruments that are to be emfioj' 
ed in making similar observations at other places. A want of 
this precaution may render the observations worse than useless. 

Experiments of this sort have been performed in many parts of the 
globe 5 their results may be stated a^fpllows, viz. 

609. There is a line (called the magnetic equator) on the 
surface of the earth, where the needle has no dip ; it was for- 
merly, from partial observations, supposed to be a great circle 
of the terrestrial sphere, cutting the equator at angles of 12^ 
in the longitudes of 117° east, and 63° west from Grreenwich. 
More recent discoveries have shown, that the magnetic equator 
is not a great circle of the sphere. It is found, by actual ob- 
servation, to cut the equator first in longitude 18° east; thence, 
proceeding towards the west, it passes to the south of the equa- 
tor until it reach the longitude of 26° west, where it is distant 
from it 14° of south latitude ; from this point it continues for 
some time parallel to the equator ; it afterwards inclines again to- 
wards the equator, and in the longitude of 96° west, at the dis- 
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of 300 miles weet from the Gailipagos i&laadji, bei 
nearly parallel to it, and afterwEirds iDclining towards the equator, 
touches it in the longitude of IIS*^ west; after this the direc- 
tion of the magnetic equator again bends towards the south until 
it attain a second limit of 3° 15' southern latitude, in the longi- 
tude of 16° west; thence, ii inclines to the nortli, and cuts the 
terrestrial equator in the longitude of 184° west, or 176" east, 
and passes to the north, attaining the limit of 9° of north lati- 
tude on the meridian of the Philippine islands; it now inctinea 
again to the south to the longitude of 108" east, where its latiJ 
tude is no more than 7° 44' ; afler this it again hends to the north, 
and attains its maximum north latitude, (11" 47' north,) in the 
longitude of 64° east ; hence it passes to the south antU it 
reaches the point at whence we began to trace it. Biot, Prens, 
Vol. II. 

Observations of the dip show that it increases m proportion as the 
place is more removed from this magnetic equator. If we confine 
our views to that portion of the globe that includes Europe, the At- 
lantic ocean, and the eastern shores of America, the magnetic equa- 
tor is not far from beuig a portion of a great circle. The poles of 
this circle would he in latitude 70° north, longitude 23° west, and in 
latitude 76° north, longitude 207° west. These points have, conse- 
quently, been considered as the magnetic poles of the earth, and 
here the dipping needle should assume a vertical position. But this 
is not confirmed by the observations of Captain Parry. 

610. Were the magnetic equator a great circle, the tangent 
f the dip would be double the tangent of the magnetic latitude. 



Accurate observations on the dip show, that it does not , 

remain constant at the same place. By the observations of | 

''Gilpin, in 1775, it was ^2° 30' at London ; in 1S05, by the ob- [ 

sen'ations of Cavendish, it was 70° 21'; and in 1822, by iheob- I 

servations of Sabiue, it was 70° 02' 91". 



611. There are lin 



I the surface oV lUe ^'a'o^ m ^i^n^^J 
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the needle has no declination. These lines are not in the tame 
direction as the meridians, but are oblique to them, and by no 
means regular. There is, at present, a line of no declination in 
the Atlantic ocean ; it cuts the meridian of Paris in latitude 65^ 
south ; thence extends in a north-west direction to longitude 
35^ west from Greenwich, after which its direction becomes 
north and south to the latitude of Cayenne, when it suddenly 
turns to the north-west, and is directed to the continent of North 
America, which it crosses in the same direction. 

The position of this line is not fixed. In 1657 it passed through Lon- 
d«i, in 1664 through Paris, and has since been regulady passing 
towards the west. Whether this be a change that is continuous, or 
whether the motion of thb line be reciprocating, is not yet ascer- 
tsdned. 

There are three other lines of no declination on the globe. One of 
them is very neariy opposite to that already mentioned; it is fint 
remarked in the southern ocean, cuts the western point of Newflot 
land, passes through the Indian ocean, and enters on the continent 
of Asia at Cape Cormorin, thence it extends through Persia and 
western Siberia to Lapland. Another is a branch of this, leaving it 
in the Indian Archipelago, and passuig nearly due north through 
China, and the eastern portion of Siberia. No change has been 
lutherto observed in the position of these lines. The last line of no 
declination was remarked by Cook in the southern ocean. Biot. 

612. The intensity of the force of magnetism, measured by 
a comparison between the dip and the oscillations of a horizon- 
tal needle, has been found to be least at the magnetic equator, 
and to increase on each side of that line. The same needle 
that made 245 vibrations at Paris, was found by Humboldt to 
make no more than 21 1 in Peru. The action of magnetism has 
been found, in aerostatic ascensions, to exert its influence in the air, 
as well as upon or beneath the surface. If this action be extended 
to the heavenly bodies, their magnetic properties would be shown 
by a change both diurnal and aniinal, in the direction of the 
needle. Both these effects have been actually found to exist, 
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and more lately a periodic change has been remarked in the in- 
tensity of magnetism. BlOT. 

The needle is not only subject to periodic changes, but had 
been observed to be affected by sudden' variations ; these have 
been found to coincide with the appearance of the Aurora Bo- 
realis. Biot. 



^ 



OP THE RELATIONS OF MAGNETISM AND ELECTRICITY. 

613. When an electrical current is transmitted through any 
metallic body whosoever, it acquires magnetic properties, and 
becomes capable of attracting pieces of soft ir<m that are 
not magnetised. If a magnt^tised needle be present^ to the 
metal through which the current is paa8iiig,.oneof its poles will 
be sttracted, and the other repelled. 

Metals, when thus electrified, act only upon iron and steel needlei ; 
those of other substances are neither attracted nor repoOed. These 
phenomena were originally discovered by Professor Oersted^ Of Co*' 
penhagen ; they were found by him to be temporary, and to cease 
with the electrical action. Sir H. Davy, by placing a needle at 
right angles to the magnetic meridian, succeeded in giving it perma- 
nent electricity, by means of a powerful Galvanic apparatus. 

Since the discovery of Oersted, n^any philosophers JHlve turned their 
attention to this interesting subject, but, with' the exception of Oers- 
ted and Davy? they appear io have done but little more than con- 
trive apparatus by which the experiments can be performed with 
greater ease. See Biot, Precia, Vol. II., edition of 1821 ; Silli- 
man's Journal; Journal op Science, Vols. X, XI, XII, and 

xra. 

614. An intense electricity has also the power of depriving 
tlie needle of its magnetisnifc This is frequently observed at 
sea, where lightning is known to destroy the polarity, alid even 

Vol. ir. 
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reverse the poles of the mariner's compass. The shock of a 
powerful electrical battery, passed through a magnetised needle, 
will produce the same effects. 
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SECTION FOURTH—OPTICS. 



OP LIGHT. 

615. When the sun is above the horizon, a mode of commii- 
nication is evident, that, in spite of his great distance, acquaints 
us with his existence. This mode of communication » called 
Light. BiOT, Traite de Physique, Vol. lU. 

The bodies which excite this sensation, and thus informwr of tiieir ex« 
istence, are called Luminous. GreneraUy speaking, all bodies.what- 
soever iiecome luminous when their temperature is sufficiently de- 
vatedy and lose thi^property upon cooling. 

Bodies, when not himinous, iie said to be opaque, and even thei^e may^ 
when enlightened by a luminous boidy^ acquire the power of trans- 
mitting light in the same way as if they were themselves luminous. 
They are then said to be visible by Refiectiotu Biot. 

616. Light i» transmitted from the lurainoiu body in right 
lined directions. 

The straight lines drawn from a luminous body to the eye, are called 
Rays of lAght^ and we conceive that vision is effected by means of 
these rays. 

> 

617. The transmission of light from the luminous body, is 

not instantaneous, but requires a certain portion of time. It is, 
however, perfohned with great rapidity ; so much so, at to ren- 
der the interval of its passage between bodies, placed upon the 
surface of the eardi, absoli|tely insensible. 

That light is not transmitted iiMmtaneoasly , U «»WgiiiLVi iftjE«e% ^ 
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astronomical observations ; and particularly by the eclipses of Jupi- 
ter's satellites, and the ab(;rration of the fixed stars. It is found, 
that when a satellite of Jupiter is eclipsed, or enters into the sha- 
dow of the planet, we still continue to see it for a short space of 
time ; so that when it seems to us to disappear, it has actually been 
in the shadow of the planet for some time. Thus, the communica- 
tion that results from the presence of a luminous body in any place, 
continues to be transmitted even after it has quitted it^ 

618. There are two different methods of accounting for these 
phenomena. Some suppose that light is transmitted by means 
of pulsations excited in an elastic fluid, in the same manner that 
sound is transmitted through the air ; others are of opinion, 
that luminous, bodies throw off emanations of particles of mat- 
ter with great velocity. 

In either case the sensation is transmitted through the mass of certain 
bodies that are called Transparent It is, therefore, necesmly that 
the pulsations of the elastic medium should be propagated through 
the pores of these substances, or that the luminous particles should 
be able to penetrate, and even pass througff them. Biot. 



The opinion which conceives that the sensation of light is produced by 
an actual emanation of material particles from the luminous body, 
appears to b^ laott consistent with the phenomena. Of this we shall 
meet with continual proofs, and shall, thierefore, adopt the language 
of this hypothesis, which is that of Newton. 

619. When we look at an object whose magnitude is sensi- 
ble, tlie rays that proceed from its opposite extremities reach the 
eye in different directions, and thus cross one another, forming 
an angle at the point of their incidence on the front of the pupil. 

This angle is called the visual angle, or the apparent diameter of the 
object. 

620. The rays which constitute a pencil of light are sometimes 
paralMy sometimes divergent, and %omei\me& conver^nt. The 



Physics. 69 

point where the directions of two or more rays of light intersect 
each other, is called their focus, and this is either actual or vir* 
tual, accordingly as they either meet in it, or oply tend to or 
from it. Young, §^xxv. 

621. Where light is proceeding from a luminous object, it 
reaches lu ,aftev passing through different media, such as air, 
water, or other transparent bodies. The rays of light, upon en- 
tering these bodies, continue sometimes to proceed in the straight 
line in which they originally set out, but more frequently they 
are bent from this direction. 

When this takes place, we call the phenomenon Refraction. 

622. When the rays of light fall upon polished surfaces, they 
are thrown off, or reflected ; and we may thus see objects indi- 
redify, if we are placed in the course that is pursued by the 
reflected rays. 

The laws that goveni the phenomena of reflection are more simple 
than those of refraction. We shall therefore consider them in the 
first instance. 

They constitute a division of the subject that is known by the name of 
Catoptrics. 



V.-- 



OF CATOPTRICS. 



623. In order that a body shall reflect light regularly, it is 
necessary thsit its surface be polished. 

624. When a ray of solar light, admitted through the win- 
dow-shutter of a darkencp iroom, falls obliquely upon the surface 
of a piece of polished glass, placed horizontally, the following 
phenomena occur. 

(1) The ray is not entirely transmitted 5 a part is reflected upwards, 
in a direction determined by the obliquity of the incideace^ U\W 
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eye be placed in the ray thus reflected^ it will see a bright image of 
the sun, that will appear to be on the lower side of the plate of glass. 

(2) The point where the ray falls upon the polished plate, is visible 
not only in the direction of the reflected ray^ but from every part of 
the room. It however appears incomparably less brilliant when 
thus viewed; the direction, too, of the reflected ray is the only one 
that gives a regular image of the sun, or of any body t^t may be 
viewed by reflection from the plate of glass. * 

(3) A part of the incident light is not reflected from the upper surface, 
but penetrates into the interior; when it reaches the lower surface a 
portion is a second time reflected, while the remainder passes out 
into the air beneath the glass. 

Hence we perceive that three distinct operations are performed; a 
part of the incident light is reflected in a determinate direction; 
another part is reflected in every possible direction, precisely as if 
the body were not polished ; and the residue passes into the medium 
without being reflected. 

Biot distinguishes these two species of reflection, by calling the first 
Speadar, the second Radiating reflection. 

If a metallic body with a polished surface be substituted for the plate of 
glass, the same phenomena of reflection still occur, but no light will 
be transmitted. Polished metal therefore reflects in a specular man- 
ner one portion of the incident light, disperses by radiation another 
portion, and absorbs the remainder. Biot. 

625. When these experiments are repeated with diflferent re- 
flecting bodies, and with difierent degrees of polish, it is found 
that the irregular reflection is owing to the imperfection of the 
polish ; for the less perfect the polish the greater is the quantity 
of light dispersed by radiation, and the less the specular reflec- 
tion. Biot. 

The ratio between the angles made by the incident ray with 9. normal 
to the point of incidence, and that made by the portion of the ray 
that undergoes specular reflection, may be examined by means of an 
instrument contrived for the purpose; and which is described by 
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626. Tlie incident ray, and that caused by specular reflection, 
to which the name Reflected Ray is restricted, are both contained 
in the same plane perpendicular to the reflecting surface 
the angle of reflection is equal to the angle of incidence. 



Of the Plane Mirror. 



si' 

th 

\ 
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627. When we view the image of an object by reflection from 
plane mirror, it appears to us as if it were in the perpendicular, 
let fall from the object upon the surface of the mirror produced, 
and as far behind the mirror as the object is distant from its 
surface ; but it will appear with its right and left sides reversed. 

If then the mirror were removed, and an object similar to the original 
one, but with its sides reversed, were placed in the position just 
pointed out, it would appear precisely like the image, subtending 
the same angle, having the same magnitude and the same degree of 
BioT, Precis, Vol. II. 



228, Plane mirrors may be constructed either of polished 

letallic plates, or of glass covered with a metallic coating or 

silvering. In the former case, the reflection takes place from 

the front of the mirror; in the latter, from the metallic coating. 

K reflection also takes place frcm the upper surface of a glass mirror, 
and tlie ray reflected from the silvering is again partially reflected 
within the substance of the glass ; when it reaches the silvered sur- 
lace it is reflected a second lime towards the front of the n 
portion passes out, and another portion is a second lime reflected ^ 
through Ihe substance of the glass, and so on. 

[| thus happens, tltat if a bright object be viewed by a very oblique 
reflection in a glass mirror, the observer will see not one image but 
several. The second of these will be tlie brightest, being formed by 
reflection from ihe metallic coating. 




19. If two plane mirrors be placed parallel to each other,] 
ail object between them, the rays of light that issue froi 
jhject and fall upon each miiTor wiWbc teftccwft. W0#..'N'«\| 



'7-1 



Outlines of Natural Philosophy. 



and forwards from one to the other an infinite number of times. 
Thns, there will appear in each mirror a great number of im- 
ages, situated one behind the other, in a straight line drawn 
through the object and perpendicular to the surfaces of the mir- 
rors. Helsham, ^ xxiii. 

This property of plane mirrors may be applied to the purpose of em- 
bellishing apartments and making them appear of boundless extent, 
and to a variety of amusing contrivances. 

630» If two plane mirrors be inclined to each other in such a 
manner as to meet in an acute angle, and if an object be placed 
between them, an eye looking upon the two mirrors will see a 
number of images of the object arranged in the circumference of 
a circle, whose radius is the distance of the object from the inter- 
section of the mirrors. Helsham, ^ xxiii. 

This principle is also applied to the purposes of embellishment and 
amusement; among the contrivances for the latter purpose, the mast 
remarkable is the Kaleidoscope of Brewster. 



Of Mirrors with Curved Surfaces. 

631. In order to investigate the apparent place, the form, and 
the magnitude of images formed by reflection from curved sur- 
faces, of any figure whatsoever, we have only to conceive the 
reflection of each ray as efiected by a plane that touches the 
curve at the point of incidence. 

It is unnecessary to solve this proposition in a general manner, for 
in practical optics no curved mirrors are employed with surfaces 
other than spherical. Spherical mirrors may be either concave or 
convex. They are used in consequence of their being the only ones 
that can be brought to a true figure, and accurately polished. 

Spherical mirrors do not form a distinct image, except when the rkys 

fall nearly perpendicularly on their surface. In the investigation of 

their properties it is, therefore, usual to pre-suppose two conditions ; 

(1) that the surface of the mvxror cotitaATvs\sK&^«ni^TMns\«t ^-^a- 
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grees of the sphere of which it is a 'portion ; and (2) that the in- 
cident ray makes but a small angle with the central aormad, or 
axis of the mirror. 

632. In a concave spherical mirror, ltd represent the distance 
of the focus of incident rays, and/ that of the focus of reflected 
rays from the vertex of the mirror, and if r represent the radius 
of the mirror, 

d r 

/= 

2d—r 

Hence, if the object be placed at an infinite distance, the image will be 
formed in front of the mirror at the distance of half its radius ; and 
thus the rays of the sun, if reflected from a concave spherical mir- 
ror, will converge to this point, and form an image there that is so 
intensely heated as to inflame combustible bodies. This poinf^ to 
which parallel rays converge, is called the Principal Focu9, 

As the object approaches the mirror, the image recedes, axid wheoi the 
object reaches the distance of the radius of the mirror, the image 
and object coincide in place. When the object b brought still nearer 
to the mirror, the image continues to recede until the object come to 
the principal focus, when the reflected rays proceed in paraiUel di- 
rections, and the distance of the image is infinite. 

The images that are formed while the object passes from an infinite 
distance to that of half the radius of the mirror^ are all inverted. 

When the image is nearer to the mirror than the distance o£ its princi«> 
pal focus, the reflected rays have no longer an actual focus in firont 
of the mirror, but a virtual one behind it. The image appears be» 
hind the mirror, is magnified and erect 

633. In a convex spherical mirror,^ using the same notation 
as in the case of the convex mirror : 

dr 

/= 



2d+r 



Convex mirrors have no actual focus. The image con&Vsxf^'S v^\e«» 
Vol H 10 
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behind the mirror, is erect and less than the object. Helsham^ 

^ XXIII. 

634. In spherical mirrors, whether convex or concave, the 
superficial magnitudes of the object and image are to each other 
as the squares of their distances from the mirror. Hbi<shav, 

^ XXIII. 

635. The above deductions being made from an hypothesis 
that is not absolutely, but only nearly true, are themselves lia- 
ble to a small error. In fact, spherical mirrors have no real 
focus, whether actual or virtual. The conic sections, on the 
other hand, have true foci ; the parabola for parallel, the ellipse 
for diverging, and the hyperbola for converging rays. Were it 
possible to introduce them practically, they would be, for this 
reason, more perfect instruments than spherical mirrors. 

No mechanical contrivance has yet been discovered, by which mimnrs 
can be readily and accurately ground into figures, generated by the 
revolution of conic sections. Parabolic mirrors are, however, 
sometimes constructed with great pains and tolerable success, to be 
used in reflecting telescopes. 

The inconvenience arising from the multiplication of images in f^bss 
mirrors, is but slight when they are plane, but becomes of impoiv 
tance when they are curved ; for this reason, the mirrors emploj^ 
in philosophical and astronomical instruments, are generally made 
of metallic substances^ 

636. Mirrors are sometimes constructed for purposes of 
amusement, of the form of cones and cylinders, both convex 
and concave. Their properties are intermediate between those 
of plane and spherical mirrors, but are not of sufficient ii^)or* 
tance in philosophy to merit mathematical investigation. 



Phyiies. 



, This idea, however, can 
although we do not hi 
is evident that they t 
polish tliat we can give 



Of the Cause of Reflection, 

637. When light is considered as an emanation ot 
(larticles from the luminous body, the plienomena of reflection 
would, at the first glance, appear to be the immediate results of 
&n elasticity inherent in the particles of light, and it would seem 
that these were reflected, making the angle of incidence equal, 
to the angle of reflection, precisely as a ball of ivory is reflectecti 
from a plane of marble, BioT. 

ot stand tite test of a close examination 
3W the dimensions of the particles of light, it 
ust be extremely small ; and as the highest 
any reflecting surface, consists merely in 
rendering its asperities less by the action of fine powders, the most 
highly polished surfaces are in fact nothing but a collection of ca< 
ties, each sufficiently large to receive a multitude of the particles 
light. 

If then the particles of light should come actually in contacI%ith th(* I 
reflecting surface, tliey would noi be reflected in the regular manned | 
in which the specular reflection is found to operate. 

63S. The cause of reflection then appears to be in a repulsive ^ 
force, which the particles of certain bodies ace capable of exert- 
ing upon the particles of light. This force acts at a distance 
from the surface, that is so small as to be insensible, and its in- 
tensity diminishes with great rapidity as the distance increases. 
If then the surface be polished, so that the prominent points, 
wbjcb are thus brought into one plane, shall be within the. 
sphere of each other's repulsion, the reflection would be per- 
formed by them alone, and it may be easily shown, that this 
would be in the same vertical plane, and make with the reflect- 
ing surface, equal angles with the incident ray. This high 
state of polish cannot, however, be given ; some of the particles 
pass between the prominencies and come within the sphere of 
action of the repulsive force of the less prominent parts, by 
whose influence the irregular reflection is caastA. 



I 
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Hence it is clear^ that the higher the polish, the more intense will be 
the specular, and the less so the irregular reflection y and, for similar 
reasons, bodies that have no specular reflection, when the incident 
ray is nearly perpendicular to their surface, become capAble of pro- 
ducing it when the inclination of the ray is increased. 

639. We have seen, that in transparent bodies, many of the 
particles of a ray of light are not reflected from the surface, but 
enter into it and pass through. This seems to arise from the 
circnmstance, that all of them are not equally capable of re- 
flection, but that they exist in two difierent physical states ; these 
states either render them capable of being attracted by, or re- 
pelled from, the reflecting body, and are found, by late experi- 
ments, to be periodical. 

This curious property of the particles of light is called polarity, from 
its resemblance to the phenomena of magnetism. It will be more 
fully illustrated hereafter. This subject is treated of at lei^th in 
Biot's Traite Complet de Fhysiqucy Vol. IV. 



OF DIOPTRICS. 



That portion of the ray of light that is not reflected from the surface 
of a body, enters into it, and our next task is to follow it, and ascertun 
the course that it pursues. The branch of optics which considers 
this class of phenomena, is called Dioptrics. 

640. Where a ray of light falls obliquely upon the surface of 
a transparent body, and enters into it, it is found not to proceed 
in the same direction as before, but is bent from its course. This 
phenomenon arises from the difllerence in the action of the di^- 
ent media upon the particles of light, and it may be fully an- 
nounced as follows : 

(1) When a ray of light passes from one medium to another, if the 
media are of the same nature, and equal densities, its coarse is not 
changed. 



(2) When the media are djflereiit in nature or density, the 
not cliajiged when the incideot ray js a normal 
face of the two media. 



(3) When the incidence is obUque, tind the nature of the media the 
same, but their densities different, the ray is benl from its course. 
In passing from the rarer medium into the denser, it Is brought 
nearer to the normal line passing through the point of incidence, 



(4) When the incidence is oblique, and the densities and natures of 
the media both different, the ray is also bent from hs original direc- 1 
tion, and both these causes concur in the change. 



These phenomena may be illustrated by a few simple experimentf^l 
(l) By placing- a piece of money at the bottom of an empty vesseLl 
and stepping back until it is just hid by the sides of the vessel; 
pouring water into the vessel, the money becomes visible. 

(2) When a stick is plunged into clear water, whose surface b smootli,- 
it appears broken at tlie place where it meets the surface of the li- 
quid, and the immersed part seems shorter than it really is. 

(^3) If a ray of light be admitted into a dark room, and permitted tO' 
fall on the surface of water, or of any oiJier Uquid in a vase, the 
portion of the ray that enters the liquid is bent into a direction more 
nearly approaching that of the normal to the surface of the liquid. 



 641. The angle contained by the incident ray and the nor- 
mal to the surface at the point of contact is called the angle of 
Incidence ; that contained by the refracted ray and the same line 

r j>roduced the angle of Refraction. 



These 

lowing law. 



igles have a relation to each thai is determineil by the fo1>J 



I 642, The incident and refracted rays are always comprised J 
kbin the same plane, perpendicular to the common surface 
e media. And the sines of the twoant^Ic&b^-se w. toQ^va-wN. y 
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tio to each other in similar radii, whatever be the magnitiide of 
the angle of incidence. Biot. 

This law is the foundation of the Theory of Dioptrics, and was disccK 
vered hy Des Cartes. Before proceeding, it will be proper to men- 
tion two phenomena, one of which is constantly attendant upon re* 
fraction, while the other takes place only in certain bodies. 

(1) The refracted ray does not continue of the same magnitude as be- 
fore, but spreads itself in the plane of refraction over an angular 
space whose vertex is at the point of incidence ; and this angular 
space is filled with rays of dififerent colours. This phenomenon is 
called the Dispersion of the rays of light. 

(2) There are certain substances in which the ray is not refiracted in 
one direction only, but in two pencils that are separate and distinct, 
and each of these is affected by the dispersive power. 

Only one of these pencils follows the general law, the other is found to 
be governed by one that is much more complex. The change in the 
direction of the first is said to be produced by Ordinary j that in the 
direction of the other by Extraordinary Refraction, 



Mode of Determining the Ratio of Refraction. 

643. The Ratio of the angles of refraction in solid bodies 
may be determined by forming a triangular prism out of the 
substance under experiment, and placing it in such a position 
that a distant object may be seen both by the direct and refract- 
ed rays from one and the same point. If the angle that the di- 
rect and refracted rays make with each other be measured by the 
repeating circle, or some other proper instrument, and the re- 
fracting angle of the prism by the reflecting goniometer, the 
ratio between the sines of incidence and refraction may be cal- 
culated by plane trigonometry. 

The instrument used for determining the ratio between the angles of 
incidence and reflection, may also be employed to measure that be- 
tween the angles of incidence and refraction. Biot, Precis Eh' 
mentaire^ Vol. 11. 



' 644. Liquids may be enclosed in a hollow prism of glass, and 
the ratio between the angles of incidence and reflection calcula- 
ted tfom similar observations. It is necessary that the surfaces 
of the plates of glass which compose the prism should be exactly 
parallel. 

A neat apparatus for tills purpose has been constructed by Biot andi 
Cauchojx. See Biot, Precis Elefnenlaire, Vol. 11. p. 176. 

645. The refractive power of gases may be observed on thel 
same principle as that of liquids ; but their peculiar natures i^^S 
der several modifications in the apparatus, and great nicety in 
the observations necessary. 

As the density of gases is much less than that of either solids or liquids, 
the refracting angle of the prism must be large. That employed 
by Biot had an angle of 143^. Biot, Preci«, Vol. II. 

The refractive power of gases is eflected by their density, and by j 
changes of temperature. In order tlien to compare cxperimentB 1 
made at different times, and under different circumstances, together) 
these two elements must be taken into account. 

The apparatus employed in these experiments by Biot and Avrago i» H 
described in the Precis E?emen(aire of Biot, Vol. II. p. 177- 
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646. A lens is a detached portion of a transparent substance, 
of which the opposite sides ai'e regular polished surfaces, of 
forms described by lines revolving around a common axis. 
These lines may be portions of circles, of parabolas, ellipses, fiic, 
or they may be straight. Yolno, ^ xxxv. 

Although in theory it would be better that the curved surface should be 
formed by the revolution of a conic section ; yet, as it is difficult to 
grind lenses into any form but splierical, one side at least of a lens is 
always a portion of a sphere; and llie other, either a portion of ^ 

spheie or of a plane surface. 
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There are aix Gombinations of these surfaces, by means of which are 
formed all the lenses that are used by opticians; they are as follows : 

(1) The Double Convex Lens. 

(2) The Piano Convex Lens. 

(3) The Double Concave Lens. 

(4) The Piano Convex Lens. 

^5) The Meniscas ; this has one sur&ce concave and the other con- 
vex, but the convex surface is a portion of a less sphere than the 
concave. 

(6) The Concavo Convex ; in this the concave surface is a portion of 
the least sphere. 

These may be arranged into two classes, for the 1st, 2d, and 5th, have 
properties similar to each other ; so also have the 3d, 4th, and Gdi. 
The first are called in general terms converging or convex ; the se- 
cond, diverging or concave. 

. The first class cause pedhdld rays to converge, diverging rajr* to di- 
verge less, and converging rays to converge more rapidly. The 
second class cause parallel rays to diverge, diverging rays to di- 
verge more, and converging rays to converge less. 

The first class have actual, the second virtual foci, for parallel rays. 

647. If F be the focal distance of a lens, when the object is 
«t an infinite distance, r and r* the radii of the two surfaces, 
p, the ratio of refraction : 

r r' 
F = 



(n — l).(r + r') 

BioT, VretM^ VoL 11. 

The difierence of the radii is taken in the second term of the denomi- 
nator of the fraction, when the curves are turned towards the same 
direction; the sum in the other case. 

The ratio of refraction in crown ^las^ as taken by many writers upon 



optirs, as |, trum whlcli it does not differ maieriHlly, and siibstitiK J 
ting this value for n, we obtain the following deductions. 

(1) In the double convex lens, whose surfaces ai'e similar, the princi*V 
pal focus is situated at the centre of convexity of the face that is 
turned towards the incident rays, 




' (2) The (^stance of the principal focus of a plan 
' its vertex, is equal to the diameter of the conve 



I convex lens, &^ 

surface. 



(3) The distance of the principal virtual focus of a double coBVex,| 
lens of Bimilar surfaces is equal to the radius of the Ions. 

(4) In a piano convex lens, the distance of the principal virtual fociU 
is equal to the diameter of the lens. 



In investigating the above properties, the lenses are considered as very 
thin, and as formed of very small portions of spherical surfaces. As 
this hypothesis is not true, spherical tenses in consequence are liable 
to an error; those rays which pass farthest from the axis of the 
lens converge soonest. If the intersections of the several adjacent 
rays be conceived infinitely near to each other, they will form a 
curve that is called a caustic. The same error also aSects spherical J 
mirrors ; in the case of mirrors, the curve is said to Ik 
reflection, in that of lenses, by refraclion. 



> 



This cause of error may be in a gi-eat degree obviated when lenses are 
used in the construction of optical instruments, by introducing 
diaphragms that intercept the extreme rays, and permit the poE; 
sage of those only that are nearest to the axis. Bidt, Preci^m 
Vol. II. 



648. When the rays that proceed from an object have beea 
refracted by a lens of the second class, their course becomes ei- 
actly the same as if they had proceeded from the point that is 
rendered their virtual focus, by the refractive power of the lens. 
And thus we shall not see the object in the place where it really J 
is, nor of its true magnitude, but an image that is nearer to us, 
and subtends a less angle. Biox. 

Vol. n. W 
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. A remarkable optical deception attends this experiment, for as we are 
apt to judge of tke distance of objects by the angle winch they sab- 
tend, when compared with their known magnitude, it will frequently 
happen that we fancy the image to be more distant than the object 
itself. 

649. If an object is presented to a lens of the first class, it 
forms an inverted image on the opposite side of the lens, which 
may be received on white paper, ground glass, or any similar 
substance, and thus viewed. If the eye be placed at a proper 
distance, it will see this image, but will, by an optical decep- 
tion, refer its position to the opposite side of the lens. 

This image is seen to the greatest advantage when the distance of the 
lens from the eye is equal to the sum of the focal distance of the lens 
and the distance at which the vision of the eye is most distinct If 
the lens be withdrawn further from the eye, the image becomes 
less, and its detail less clear, as happens to distant objects ; if the 
lens be brought nearer, the image becomes confused unUl the eye 
reach the focus of the lens, when it disappears. If the lens be 
brought still nearer to the eye, the image reappears, but is confined; 
it is now erect, and when the lens is brought almost into contact 
with the eye, becomes distinct. Biot. 

650. Where a number of planes are ground upon the convex 
surface of a piano convex lens, the multiplying glass is formed ; 
it takes its name from its property of transmitting to the eye as 
many images of the object as there are planes gronnd apon the 
lens. 



Theory of Refraction. 

651. The refraction of the rays of light is caused by the at- 
traction which the particles of refracting bodies possess for the 
particles of light. This is analogous to capillary attraction, 
and, like it, is only sensible at very small distances. 



» 



Fhytict. 

This conclosion, vlitch is a necessary conBequence of the phenomena, 
appears, on the firet view, to contradict (he deduction obtained rrom 
the phenomena of reflection. But we have already observed, that 
it is probable that the particles which are reflected are not in the 
same physical atUe with those which are refracted. Biot. 

652. The theory of refractioQ depends upon the iDvesiigatioa 
of the circumstances that attend the motion of an infinitely 
small particle of matter, tliat after being projected in vacuo in 
a determinate direction, with a determinate velocity, passes 
thruug'h a zone contained between two parallel planes, and U, i 
daring its passage, acted upon by an accelerating force. 

When this problem is resolved, in relation to Ihe first zone, wi 
t know the directiun and velocity that have been acquired. WiA 
W these data, the calculation may bv repeated for a second sone ; : 
> this we may proceed to a tliiril, and so on. 

This problem is precisely the same as that which relates to the motio^ 
ofprojectiles in vacuo. Its solution informs us, that in the 
substance the ratio between the sines of incidence and refraction 
is constant under every possible inclination. This is the same with 
the law that has already been given, as deduced from etperiment, 
Biot, Precis, Vol. U. 

A full investigation, by the analytic method, of this problem, enabltiu 
us to deduce from experiment, a quantity which, if it do not maik 
the absolute value of the attractive force, yet is proportional to its in- 
tensity. This quantity is equal to the square of the ratio of refrac- 
tion, diminished by unity and divided by the density of the refract- 
ing substance. Biot, Precii, Vol. 11. 

Newton gives to this quantity the name of the Refracting Poieer of I 
the substance. Newton, Optice. 



^K 653. When a ray of liglit is about to quit a medium in which 
it has been refracted, the attraction of this medium wiU act upon 
tbe particles of the ray, to diminish their velocity and change 
their direction. 

When the surfaces of the refracting medium are planes pamtleltflJ 



4 
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each other, the forces that act in this case will be equal to those 
which caused die refraction, but in a contrary direction. The ray 
ought, therefore, to pass out in a direction parallel to that which 
h had before refraction. 

When the surface of emergence is not parallel to that of incidence, the 
ray will not pass out in a direction parallel to that it had at first. 
But the sine of its angle of emergence will have a constant ratio to 
the sine of the interior angle of incidence. This ratio will be the 
same with that of the sines of incidence and refraction at the surface 

\ of incidence. Biot. 

654. If the same investigation be extended to the case of the 
passage of a ray of light from one medium to another, it woold 
appear, that whichever medium acted most powerfully on the 
particles, the ratio of the sine of incidence to that of refraction 
must be constant, and reciprocally proportioned to the ratio of 
the velocities of light in the two media. 

We have already seen this same law deduced from experiment. See 
^642. 

655. It may sometimes happen, that a ray of light, on reach* 
ing the second surface of a body by which it has been refracted, 
will not pass out into the air, but will be retained by the attrac- 
tion of the body. This takes place when the obliquity of the 
incidence becomes great, and, in this case, the ray will be re- 
flected. 

At the instant when the possibility of emergence b about to cease, a 
part of the ray will sometimes pass out, while the remainder is re- 
fracted ; that portion of the ray which continues for the Icmgest 
time to emerge, is of a red colour. 

When a drop of a transparent substance is placed upon the second sur- 
face of the refracting body, the angle at which emergence becomes 
impossible, and the reflection of the whole ray takes place, is les- 
sened. If the body thus applied becomes gradually opaque, die 
angle at which the emergence ceases becomes less and less. As 
this angle diminishes with the increase of the refractive power of the 
second substance, we have iVius a mode o( detetmining the refrac- 
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live power of opaque bodies, wheo they can be placed in contact , 
with tranapareDt bodies whose refractive potver is ^eater than ^ 
their own. This method was first proposed by Dr. WoUaston. 

656. The refractive power of a variety of substances was de- 
termined by Newton, aiid the table constructed by him has been 
shown to be correct by succeeding experimenters. In examining 
his table, it appears that substances of very different densities 
have sometimes equal powers of refraction, and that some rare 
substances have higher powers than others whicli are more 
dense. His inference was, that this power depended both on 
the density and on the chemical constitntion of the bodies. Re- 
marking that the general class of substances of the highest re- 
fractive powers were the oils and resins, and that pure water was 
but little inferior to them in the same property, he inferred a si- 
milarity in their chemical composition. 

Modem discoveries in chemistry have determined hydrogen to be a 
common constituent portion of the oils and resins and of WBtet. 
This gas appears, by the experim.enls of Biot and Avrago, to have 
the highest refracting power of any known substance, and it is to its 
presence that the high refractive power of the above-mentioned sub- 
stances is due. BioT. 



In addition, Dr. Brewsi 

dies is proportioned 



T has shown, that the refractive powi 
) their inflammabilities. 






These experiments were extended to the different gases, and to mix- 
tures of them in a gaseous form, but in proportions similar to those 
in which they existed chemically combined in the solid and fluid 
substances. In this way it has been discovered, that the passage 
from a gaseous to a solid state always produces a certain increase 
in the attractive power of the body for IJic particles of light. Biot, 
Precis, Vol. II. p. 228. 

This increase is not great, and thus it may be stated, that the refractive 
power of water in the state of vapour differs but litdc from that it 
possesses when liquid. The excess of its force over lliat of the air 
is very nearly compensated by its decrease of density, and thus the 
whole refraction produced by masses of mojstiuid of dry air does not 
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•ennbly diffsr when the atmoiphefic premire and fenpentve are 
equal. Bior. 

Newton also observed the high refractive power of the diamond^ and 
hence inferred that it was of the class of inflammable substances. It 
has noty however, any hydrogen in its composition, and is rather 
an uistance of the increase of refractive power by a dense and 
crystalline structure. 

657. When the refracting medium is not of equal density 
throughout, the phenomena that it produces may be investiga- 
ted by supposing it to be divided into a number of very thin 
layers, each of which is of uniform density. 

658. When the medium is of such a nature that the refractive 
power is constant to a certain altitude, and then decreases by 
insensible gradations, until it again become constant, it wiD 
canse a double image of the object to be seen, the oppermost of 
which is inverted, the lower erect. If the refractive power in- 
crease, the upper image will be erect, the lower inverted. 

These phenomena may be shown experimentally, as fdlows^ vis. 

(1) By introducing concentrated sulphuric acid by means of a funnel 
into the bottom of a vessel containing pure water, the attractioD of 
the two liquids for each other will be counteracted by the diflerence 
of their specific gravities, and thus they will mix but slowly, form- 
ing a medium gradually increasing in density within the limits 
where the chemical combination is going on. If a slip of paper be 
pasted on the vessel opposite the pure sulphuric acid, it will be seen 
by the rays transmitted through that liquid, in an erect pontion ^ it 
will also be seen at the same time inverted, and more elevated, by 
means of rays passing through the variable medium. 

(2) If an object be viewed over the surface of a red hot iron bar, or of 
a rod of blackened wood, heated in summer in the sun, the 
stratum of air in immediate contact with the heated substance wiU be 
much rarefied, the adjacent strata will be also rarefied, but less so, 
until the influence of the heated body ceases. An object seen in 
this way presents two images, the upper erect, the lower inverted. 
BwT, PreciSf Vol. II. Young, '^ xxxvu. 
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Upon tliis principle we may account for a niimber ti( natiu'aJ pbeno- 
rnena, some of which frequently occur, while olhera are only lo be 
met with under peculiar circumstances, and in particular Gituations ; 
among these may be mentioned Looming, the Mirage, and the 
Fata Morgana. For the above experiments, and the explanations of 
the phenomena which they aH'ord, we are indebted to Dr. WoUaston. 
See BioT, and Young, ubi supra. Philosophical Transactions 
Adbidi^ed, Vol. XVni. 



Of Double Refraction. 

659. The ruys of light in passing through crystalized bo- 
dies are frequently divided into two pencils. One of these fol- 
lows the law of ordinary refraction, the other is differently af- 
fected, aDd its refraction is said (o be extraordinary. 

One of the most remarkable instances of this is to be met with in a 
species of carbonate of lime, called Iceland Spar. 

There are generally in double refracting substances, two directions in 
which the ordinary and extraordinary pencils coincide. These are 
called the axes of the crystals. 

It sometimes happens that a crystal may have but one axis. 

660. The phenomena of Extraordinary Refraction appear to 
be caused by a force existing in (he crystal, that separates a 
portion of the particles of light from the ordinary refracted ray, 
Wid repels them from one of the axes of the crystal. 

' With the nature of this force we are unacquainted ; but we can ascer- 
tain the law by which it acts, 

1 This was deduced by Hymens, in the case of Iceland spar, from his 
hypothesis of undulations ; and has been considered a proof of ila 
truth. The same law has, however, been demonstrated on the 
principle of emonations by Laplace, and has been extended by Biot 
to every possible case. It is as follows : 

661 . If V represent the velocity of iVie pait\c\es o^ ^^^\- wAa*. 
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upon by the ordinary refraction, v' the velocity of the extraor- 
dinary ray, U the angle formed by the extraordinary ray widi 
the axis, (where there is but one,) and k a constant coefficient 
for each species of crystal, 

w' a = r * + it sin « U. 

662. If the crystal have two axes, let U represent the angle 
contained by the extraordinary ray, and the first of them, U' the 
angle it makes with the second, then 

»'3 =»a + ArsinU.smU^ 



ANALYSIS OF LIGHT. 

Dispersion of Light produced by Refraction. 

663. When an object is viewed through a prism, it does not 
appear in its true place, but we see an image that is made to de- 
viate towards the refracting angle of the prism. This image is 
lengthened in a direction perpendicular to the edges of the prism, 
and is fringed with colours resembling those of the rainbow. 

The merit of the complete investigation of this phenomenon is due to 
Newton, and it is one of the most valuable discoveries of that fflii*- 
trious philosoplier. His methods are detailed at length in his Optice. 

664. When a ray of solar light is admitted through a circular 
aperture into a dark chamber, and then intercepted by a white 
screen, it will form an image of the sun of great brilliancy. 

There is an instrument called the Heliostat, by means of which a ray 
may be introduced to great advantage in one constant direction^ and 
thus the image will be immovable. 

665. If this image be attentively examined, it will be found 
not to be of equal brilliancy throughout, but brightest nearest 
its centre. 
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1. This 18 owing to the sun's subtending a genstble angle ; in consequence, 
the outer part of the image does not receive rays from every part of 
his disk. 

660. If the ray of solar light be intercepted by a triangular 
prism of glass placed in a vertical position, and wbose refracting 
angle is not less than 60 degrees, the following consequences will 
be observed : 

(j ) The ray will be bent from its course in a horlKontal direct 

if the prism be made to revolve slowly around its axis, there will be 
found a eertain position :n which the image is stationary ; it then be- 
gins to return backwards towards the original direction of the ray, 
although the prism still continues to move forwards. This position 
is, for many reasons, the best for the experiment. 

(2) If the ray be received after refraction upon a white scree 
image is not circular, but tlie ray forms upon the screen an o 
coloured spectrum, bounded on the sides by two straight lines 
at each extremity by a semicircular arc. The extremity t! 
least bent from its original course is of a brilliant red, the other e: 
tremity of a violet hue j between these ihere are an infinite variety I 

' of shades of different colours. Newton, OpHce, Lib. I. Pars. \. 



This elongation of the ims^e is not o 
prism, for all transparent prisms wh; 



any iinperfeclion in the 
produce sunilar effects. 



Newton varied this experiment, by looking through the prism at the 
image of the sun as transmitted through the hole, and thus observed 
there the same appearance and the same order of colours. New- 
ton, Optice, Lib. I. Pars. I. 

jfrom his experiments he deduced the following important law ; 

667. The light of the sun is composed of rays of diflerent 
degrees of refrangibility ; aad this is not an accidental property, 
bat inherent in the nature of each ray ; for if the rays be sepa- 
rated from each other, by permitting any one to pass through a 
screen, it will not be farther dilated by a second or eveo a third 
refraction. Newton, Lib. L Pars. I. Pro'p. ^. 
Vol. n. 12 
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Tlus unequal refraction of the rays of light must affect the action of 
spherical lenses. Each ray will have a different focal distance, the 
most refrangible rays crossing one another nearer to the lens than 
those which are less so. This is a greater difficulty in the construe^ 
tioo of cUoptric instruments than that which arises from the spherical 
aberration. It was first pointed out by Newton, and may be shown 
to exist by actual experiment. Newton, Lib. L Pars. L Pn^. 7- 

668. If the rays of light fall upon the prism in such a way as 
to pass through its substance until they meet its base, and if their 
incidence is very oblique, they will, instead of passing out, be re- 
flected. The angle at which this internal reflection begins to 
take place is different in each ray ; those which are most refiran- 
^ble being also most easily reflected. Newton, Lib. I. Pars. L 
Prop. 3. 

The ratio of the sines of incidence and refiraction is con* 
stant for each particular ray. Newton, Lib. I. Pars. I. 
Prop. 6. 

669. It would be impossible to give separate denominations 
to each jparticular coloured ray. But it is suflicient to estabfidi 
a number of divisions that shall include all the different shades, 
and to fix their place in the spectrum with as much accuracy as 
our senses will permit. 

The colours chosen for this purpose by Newton, and ad<^ted 
by most of his successors, are seven in number, vis.— red, 
orange, yellow, green, blue, indigo, violet. 

The proportion of the spectram, which each of these colours occupies, 
was supposed by Newton to be the same, whatever the nature of the 
refracting substance. In this, however, it appean that he was mis- 
taken. 

If the whole lengtli of the spectrum be divided in S60 parts, the num- 
ber of these occupied by each colour, according to Newton's deter- 
mination, will be as follows, viz. 
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^B red, orange, yellow, green, blue, Indigo, violeti 1 

^f- BiOT, Precis, Vol. 11. Nbwton, Lib. I. Pars. 11. "■ 

^K This determination appears to have been infiuenced by a wish to sbow I 
H an analogy between soand and light, and is, notwithaianding the I 
B great authority of Kewton, altogether imaginary. \ 

H  670. Dr. Wollaston has attempted to determiue the division 
Btltf the spectrum, by looking through the prism at a iiarrow tine 
' of light. The spectrum formed in this way, consists of four co- 
lours only, red, green, blue, and violet ; these occupy spaces in 1 
the proportions of 16, 23, 36, and 25. Youmg, ^xjixvii, I 

671, Newton was of opinion, that the dispersive powera of 
bodies followed the same law as their refractive powers, or that 
the dispersive power was greatest in substances endowed with the , 
highest refractive powers. ' | 

672. If the ra3's of light, after having been dispersed by a 
prism, fall upon a lens, placed at a distance from the prism 
equal to twice its focal length, they will again converge and be 
reunited into a common focus ; beyond this, they diverge, 
and if they be intercepted on a screen, will form a spectrum si- 
milar to the first, but inverted. At the focus, the image will be 
circular and white ; at all oth^r points, a coloured spectrum. I 

Hence it appears, that a white light is produced by the mixture of all | 
the colours of the spectrum, in the proportions in which ihey there 
exist. It might be inferred, also, that all the shades of gray, inter- 
mediate between while and black, mi^t be composed of the same 
colours, taiien in different proportima ; and ibis Newton found, by 
eoiperiment, fa> be true. Newton, Lib. I. Pars. II. Prop. 5. I 

All other colours whatsoever that we meet with in nature, are either 
the primary colours of the spectrum, or formed of a mixture of two 
or more of tliem. Newton, in the 6t1i proposition of the second 
part of his first book, lays down a rule by which the colour may 

I be determined when the quantity and quality of its components ws . 
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In puiBuing this subject, it will be found that compound colours may 
be formed of the same tone and tint with the primary onei. Thus, 
the orange and greenish yellow of the spectrum, when mixed, form 
pure yellow; the yellow and blue form green; greenish blue and 
indigo, blue ; and what is still more remarkable, the blue mixed 
with red forms violet. All these mixtures differ from the primary 
colours in being separated by a prism into their component parts. 
Similar results may be obtained by mixing coloured powdm toge- 
ther, but the colours will be less brilliant. Newton, Lib. I. Pars. 
II. Prop. 5. 

673. Ettraordinary refraction is accompanied with simihr 
phenomena, the ray being separated by it into the same number 
of coloured parts as in ordinary refraction. 

674. The dispersion of the rays of light produced by refrac- 
tion, was long a cause of imperfection in optical instmnients. 
This is now obviated by an application of the following princi- 
ple: 

If two prisms be taken of the same substance, and applied to 
each other, their refractive and dispersive powers would exacdy 
counteract each other, when their angles were equal, and turned 
in contrary directions. In this case, the two prisms would, to- 
gether, form a plate with parallel faces, and the ray would pass 
out in the same direction in which, it had entered the first prism. 
If, now, it were possible to procure substances with equal dis- 
persive, but unequal refractive powers, a system of prisms might 
be formed with them, by means of which the direction of the 
ray would be changed, without any dispersion of , colours being 
produced. 

Such substances do actually exist in nature, and it is evident, that they 
may be applied to the construction of lenses, that shall bring the 
rays that fall on their surface to a focus without affecting them with 
colours. 

676. We have seen, that Newton was of opinion that this 
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was not practicable. His error was pointed out by Dollont 
who made numerous experiments on this subject ; his infcroices 
and his application of them to practice, shall be mentioned 
hereafter. 



• or VISION. 

676. The organ of vision is among those parts of the human 
frame whose constitution and use is best understood. The most 
consummate wisdom is evidently shown in its construction, iU 
position, and the manner of its use. 

Ail optical instrumenls act with most advantage upon rays that fall 
nearly parallel to their axis ; llie eye is, for this reason, liirnished 
with muscles that give it motion, so that it may be directed to any 
object at will. 

It is situated in a bony cavity to protect ii from danger, and is eni 

ped in masses of fat that are compressible, and permit it to move S 
freely under the action of the muscles. 

X is preserved from sudden danger by means of ihe eyelids ; and lli^l 
are fringed with eyelashes, thai oppose the entrance of dust. 

If dust or any irritable substance enter beneath the IJds, tears are copt- ^ 
ously produced, and carry it out. The same organs that secrete 
the tears in this case, are at other times employed in preparing a 
sliglit moisture Thai prevents rhe eye from bang dried by contact of 
the air, and keeps up the high polish IJiat is essential to the reguli 
ly of its refraction. Biot, Precis, Vol. If. 




677. The external figure of the eye is globular. Us whole 
surface is opaque, except towards the front, where there 
transparent part that is called the Cornea ; this has more con- 
vexity than any other part of the surface. If the eye be dissect- 
ed, there will be found in it three compartments, containing 
media of different figures, and dilTerent refractive powers. The 
first of these, beginning at the cornea, is of the form of a menis- 
cus, and is filled with a liquid resembViivK waXet ra a^'^sa.twtw 
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and wUch is for this reason called the Aqueoui Humour; next 
to this is found a solid transparent body, of the form of a double 
concave lens-— this is called the Crystalline Humour ; and lastly, 
the whole of the remainder of the eye is filled with a viscous 
fluid, resembling melted glass, and hence called the Vitreous 
Humour, 

The crystalline humour was found by Mr. John Hunter to be compo- 
sed of a number of concentric laminae. These laminae were by him 
supposed to be muscular, but this was disproved by Dr. Hosack and 
Sir E. Home. They are found to increase in density and refractive 
power as they approach the centre of the lens. 

678. The eye is enveloped in several coats, that may be con- 
sidered as prolongations of the teguments of the optic nerve. 
The outer of these is called the Sclerotic Coatj and the cornea 
is a prolongation of it. Next to the sclerotic coat we find the 
Choroid ; this is covered with a black liquid, and this by its co- 
lour is of use in order to prevent any internal reflection. Within 
this, and spread over its surface, is a nervous membrane of a 
light gray colour, called the Retina. This appears to be a pro- 
longation of the optic nerve itself, and it is upon this that the 
rays of light act, to produce the sensation of vision. 

679. The manner in which the eye acts will be evident from 
the description. The rays that proceed from the object fall 
upon the cornea, pass through the aqueous, crystalline, and vi- 
treous humours, and are, by the refractive powers of these 
media, concentrated upon the retina, where a small inverted 
image of the object is formed. 

680. This image will, in consequence of the admirable struc- 
ture of the eye, be perfectly clear, and free from the prismatic 
colours. For in the eye, the two chief defects of optical instru- 
ments are met and obviated. The aqueous, crystalline,' and 
vitreous humours are combined in such a way as to form an 
achromatic system ; and thus, although the rays are refiracted, 
the colours are not dispersed. TVie &^t^^ ot iSaa ^«^ec«l hu- 



mours, and the structure of the crystalline, prevent any spherical 
aberration of the rays. Biot. 

Several other circumstaiices concur in producing these effects : 

^1) There is a diaphragm placed in front of tlie crystalline lens, that 
intercepts those rays that make large angles with the axis. This 
diaphragm, when seen from without, presents the appearance of 
a coloured ring, thai is called the Iris, It b pierced by a circular 
aperture, called the Pupil. 

The inner sm'face of the diaphragm is covered by a prolongation of the *l 
choroid coat, and thus absorbs all ihe rays that may be reflected ' 
from the crystalline lens or the retina. 

The diaphragm has also the power of dilation and contraction, ai^ I 
thus will admit into the eye a greater or less quantity of l^ht. 
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In consequence of its situation within the Urst refracting medium, it* \ 
will admit a greater quantity of light with less llabihty to aberra- J 



(2) The hindermost surface of the crystalline lens is not an exact poi 
lion of a sphere, but is flattened towards the axis of the eye. It i 
consequently less affected by the spherical error of aberration, b 
oblique pencils fait upon it at Itss angles of obliquity'. 

(3) The retina itself has a concave surface, and thus a proper point of i 
reception is prepared for the focus of each pencil of rays. Biot, i 
PrecM, Vol. II. 



681. The eye possesses the faculty of adapting itself to ob-< 
jects whose distances are very different. It does not do thia I 
without eftbrt, nor can we view with distincOiess two objects at I 

: same time whose distances are not nearly the same. 

t''arious hypotheses have been laid down to account for the raannet 
which the eye adapts itself to different distances. Some have sup- 
posed that the coniea might at pleasure be rendered more or less 
convex ; others, that the crystalhne lens might be moved backwards 
and forwards ; and others, that the crystalline lens was composed of 
muscles, by which its Ggure could be changed, and the ci 
its siulaces altered. Biot, Precw, VoLH. 
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After tumming up these several opinions, Biot concludeiii that we are 
as yet ignorant of the manner in which the eye adapts itself to vision 
at different distances. This subject, however, appears to be well 
explained by our countryman Dr. David Hosack, in a paper pub- 
lished in the British Philosophical Transactions for 1794. His 
theory is as follows, viz. 

682. Of the six muscles whose most obvious use is to give 
modon to the eye, the four straight muscles are of a strength 
much more than adequate to that purpose. These muscles 
pass over the ball of the eye, and are inserted by flat and broad 
tendons into the sclerotic coat at its anterior part. If all these 
four muscles be contracted at once, they will press upon the ball 
of the eye, and change its figure ; by this means the double efiect 
will be produced of changing, in some degree, the convexity of 
the cornea, and of lengthening the axis of the eye, the retina be- 
ing removed to a greater distance from the cornea, and the dis- 
tance that the ray has to pass through the aqueous and vitreous 
humours being increased. 

These two causes conjoined are sufficient to account for the 
phenomena. Philosophical Transactions Abiudgxd, VoL 
XVII. 

This subject attracted the attention of Sir Everard Home during the 
same year, (1794.) His theory is the same as that of Dr. Hosack, 
and is developed in the Croonian lecture, delivered by him in the 
year 1793. He made many interesting investigations, and appears 
to have fully proved a change in the convexity of the cornea, by ex- 
periments on the eyes of living persons. He was assisted in his inr 
vestigations by Ramsden and Skuckburgh. In addition to the facts 
stated by Dr. Hosack, he discovered that the cornea is itself com- 
posed of two pellicles, one of which only is a prolongation of the 
sclerotic coat, the other formed by the union of the four straight 
muscles. Philosophical Transactions Abridged, YoL XVII. 

This theory of the mode in which the eye adapts itself to vision at dif- 
ferent distances, although it derives its fullest confirmation from the 
reasoning and experiments of these two distinguished philosophers, 
had been before hinted at by seveT^Vmil<&ts,W\Ti^NC;x^tic.^s^^ 
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by evidence suflicient to establish its d-utii. See HBLSRAifr| 

I Dr. Thomas Young, on the other hand, conceives that he has estaofl 
Wished, by experiment, that the cornea does not change it 
but from the accuracy of Sir E. Horae's experiments, and the ab| 
assistance with which he was furnished, we should rather incline tl 
trust in his deductions. 



683. The image upon the retina is inverted, yet we, Dotwith- | 
standing, receive from the sensation an impression of the erect- 
ness of the object; whether this impression be the result of es- 
perience at an early age, or whether it arises from the manner 
in which the sensation itself h transmitted to the mind, is difficult , 
to determine. We can investigate no more than the mechanical  
actiou of tlieeye ; all that we know is, that the impression made J 
upon the retina is conveyed through the intervention of the op^^ 
tic nerve to the brain ; nor is it probable that we shall discov^ 
more in the present state of our existence. 

684. The eye enables us to judge of the distance of objects ; I 
tliis appears to be rather the result of reasoning from ex^rieuci 
than an immediate and necessary inference from the perception J 
itself. There are two ways in which we may judge of distances ; 
from the angle subtended by an object of known dimension, and 
from the inclination of the aies of the two eyes to each other. 



665. The organ of vision in animals is constructed upwthe 
same principles with that of man ; but the parts are varied in 
form, and sometimes partially suppressed, according to the cir- 
cumstances in which the animal is destined to live; while ia 
some cases, other contrivances are adapted that the mode i 
life appears to require. 

A great number of quadrupeds have, during the day, the pupil of the 
. form of a longitudinal slit ; at nigbi, the iris contracts, and the pupil 
becomes circular. Such animals ace better at night than man. 

[ .This is also the case with birds that si^ek thek piey aV n\^A. 
,VoJ.U. 13 
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In birds, the crystalline humour is less hard than in maD, approaching 
to the consistence of a jelly ; the cornea is less, and more convex, 
and is placed at the summit of a short truncated cone, that projects 
from the spherical part of the eye. The mner part of the eye of 
birds contains an organ whose use is not exactly known ; it is called 
the Marsupium, and consists of black membrane, folded like a fan, 
and floating in the vitreous humour^ Biot surmises, that its use may 
be to change the figure of the eye ; and thus, increasing or diminish- 
ing the distance between the cornea and the retina, enable it more 
readily to adapt itself to difierence of distance. 

Fish live in a medium whose refractive power is nearly equal to that of 
the aqueous humour of the human eye ; its place is, therefore, sup- 
plied by a viscous fluid that probably is more refractive ; the crys- 
talline lens is spherical, and therefore, under the same bulk, has a 
shorter focal length than any other lens would have. 

The eyes of insects are composed solely of a lenticular body, behind 
which are spread nervous filaments, that apply themselves to it 
These eyes are sometimes separate, at other times the insect has a 
great number, that are collected in groupes. 



686. Although the eye possesses the power of adapting itself 
to the view of objects at difierent distances, this is still confined 
within certain limits. Those eyes which see distant objects with 
the greatest distinctness, soonest lose the faculty of distinct vi- 
sion when the object is brought near ; while to those eyes that 
see best those objects which are near, bodies beyond a certain 
distance appear confused. When either of these limits is soon 
attained, it amounts to a positive defect of vision. 

In young persons, where the secretions are copious, and the aqueous 
humour is generated in abundance, the cornea is full and convex; 
where this convexity is too great, the rays that fall on the cornea 
from distant objects converge too soon, and the image formed on the 
retina is indistinct. The images of near objects, on the other hand, 
are clear. Such persons are called short-sighted, and this defect is 
^ene^d\\y lessened as they grow older. 
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Ill ;^ed persons, the secretions being less copious, liie cornea becninesl 
flattened, and loses its power of bringing diverging rays t 
before they pass the retina. Sucb persons can, therefore, no.longt 
view near objects. 

667. The defect of short-sighted persous may he obviated 
the use of a caacave tens ; for as such a lens will substitute fc 
the object the image that appears to be formed at its focus, 
is only necessary to make the lens of a focal length equal to the 
distance at which the eye sees objects distinctly ; when such 
lens is placed before the eye, a short-sighted person will see dJs- 
tant objects as distinctly as if they were placed near to him, 
though he will refer their apparent pOBition to that where 
knows they actually are placed. 

As the focus of rays from different distances is not in the same poin^ 
it will be frequently advantageous to employ different lenses for dif- 
ferent purposes. It will also be better (o employ lenses whose focal 
length is a little greater than that at which the eye sees most distinct- 
ly, and thus the use of tiiem will lend to improve the power of 
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It il4tiual to adapt a lens to each eye, forming the instrumm known 
by the name of spectacles. 

1^ 688. The defect of long-sighted persons may be remedied by 
the use of convex lenses. Such persons' eyes cannot briograys 
that diverge rapidly to a focus. A convex lens hss the power 

^^f making diverging rays diverge less, and thus of adapting 

^biein lo sucb a state of the visual organ. 

"68 



689. Lenses being subject to the spherical aberratiou, only 
the middle portion of them is of use. The part through wllich 
the rays may pass with advantage may be increased by compo- 
sing a lens of two piano convex lenses, and interposing a dia- 
phragm between the two plane surfaces at which they are joined. 
These lenses are the invention of Wollaston, and are called, from 
their properties, Periscopic Lenses. See Philosophical Maoa- 
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690. There is a disease called the Cataract that affects the 
crystalline lens, rendering it opaque. This may be cured by 
opening the cornea, and extracting the lens. The aqueous hu- 
mour^ escapes, but is soon supplied by a fresh secretion. By 
this operation, (called Couching^) the eye does not lose its 
power of adapting itself to different distances, but merely re- 
quires to be aided by a convex lens, of power equal to that of 
the crystalline humour, placed in front of the eye. See Sir E. 
Home, in Philosophical Transactions Abridged, Vol. 

xvn. 

The readiness with which the aqueous humour restores itself^ is ano- 
ther wise provision of Providence for the preservation of our «§^ 
The cornea, from its situation, and its greater convexity, is more 
liable to injury than any other part of the eye, but a wound inflicted 
on it is not irreparable. If, however, the vitreous humour escape, 
the eye is lost. 



OF OPTICAL INSTRUMENTS. 



The Microscope, 



691. The Microscope is an instrument, by means of which 
small objects may be viewed under a greater angle than that 
which they subtend at the nearer limit of distinct vision. This 
angle is increased by bringing the object nearer to the eye, but 
in this case it would be very confused, and at last invisible ; if 
now a convex lens be interposed, and the distance between it and 
the object so adjusted by trial, that the image shall appear to be 
formed at the distance of the limit of distinct vision, we shall see 
it as clearly as if it were removed to that distance, but subtend- 
ing a greater angle. 

If d be the Ihnit of distinct vision, and / the focal distance of the lens, 
p, its magnifying power, may be found by the formula, 
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As rf is a constant quantity in the same eye, an instrument composed of 
a single lens lias a limit that depends upon the size of the lenses that 
can be conveniently constructed. Small globules, formed by the 
blowpipe on a thin rod of glass, have been employed for tbli pur- 
pose ; water has been dropped into.a fine hole pierced in a thin me- 
tallic plate ; drops of transparent varnish have been proposed for 
the same purpose ; and Mr. Sivwright, of Edinburgh, has proposed 
to place small fragments of glass in holes pierced in fine platina foil, 
and melt them there by means of the blowpipe. Biot, i*rea«, Vol. II. 

Microscopes composed of no more than one lens, are called single 
microscopes ; they differ from each other merely in the apparatus 
by which they are accompanied. 

692. A compound microscope has at least two lenses ; that 
which is nearest the eye is called the eye lensy the other the 06- 
ject lens. In this instrument, the image formed by one lens be- 
comes an object for the other. The operation of this instrument 
may be illustrated by receiving the first image upon a screen of 
gauze or ground glass ; this may be now viewed by the naked 
eye, but it is evident that the angle it subtends may be increased 
by viewing it through a second lens. If this be done, the screen 
is no longer of u§e, for each point of the first image will become 
a radiating focus to the second lens. 

The power of this instrument is in the compound ratio of those of the 
two single lenses. It has a practical limit : in the difficulty of con- 
structing small lenses with accuracy ; in the increase of the spheri- 
cal aberration produced by them ; and in the smallness of the qimp- 
tity of light that minute lenses are capable of receiving and ti^lpii- 
mitting. 

There is also another circumstance that prevents the eye glass from 
being diminished beyond a certain extent ; if the surface of the ob- 
ject lens be very small, each pencil of rays that proceeds from the 
object, and is i^efracted through it, will be very slender ; for thk\e.'!^'> 
son^ it cannot cover every part of the eye YeivH^ ^"a ^wi\.^>a^^^ ^a&^ 
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DoUoody who repeated the Newtonian experiment widi a priam made 
of a different kind of glass, found a result directly contrary, and in- 
ferred that Newton's deduction was erroneous ; he was hence led 
to seek for a remedy for the chromatic aberration, and waa so fortu- 
nate as to discover it. 

That such a remedy was to be found, had first suggested itself to 
^uler, who observed, that it was actually realized in the constructioD 
of the eye. 

697. If two lenses be taken, one a double concave of fliot 
glass, the ether a double convex of crown glass ; and if one sur- 
face of each glkss be ground to the same radius, so that the god- 
vexity of the one shall exactly fit the concavity of the other, 
while their other surfaces are ground to such radii that the fo- 
cal distance of the concave lens shall be to that of the convex in 
the ratio of 10 to 7 ; the two lenses, when placed together, will 
form a meniscus, and an actital focus will be produced by their 
joint action, the image formed in which will be devoid of 
colour. 

On the same principle, two convex lenses of crown glass may be united 
to a concave lens of flint glass. 

By the practical application of this principle, John Dollond and his 
son succeeded in making dioptric telescopes, of wider apertures and 
higher powers than had before been considered possible, while the 
length was very much diminished. Few of Dollond's telescopes 
have object glasses of as much as five feet focal length, while the 
greater number do not exceed four. 

698. The eye lens will itself produce a chromatic aberration, 
but this may be remedied in a great degree by the introduction 
of a field glass, as in the compound microscope. 

699. In using a telescope for viewing terrestrial objects, the 
image should be seen in an erect position ; this may be effected 
by interposing two convex lenses between the eye and object 
glasses. \ 



700. Telescopes are also construcieil, in wliich a convex obi 
Ject lens is combined with a concave eye glass. 



The power in ihis lelescope is found as in the astronomic, Uy di' 
the focal lenglli of the object glass by that of llie eye lens. 
telescope, which was ioveiiied by Galileo, is now but little used, e^^f 
cept in the form that is called tlie Ojiera GUus. 



1701. Sir Isaac Newton, being under the impression that t 
nit of dioptric telescopes was incurable, proposed the use 
cHtoptric instruments in their stead. Of these instruments, c 
ed Reflecting Telescopes, there are four different kinds, that 
known by tlie names of their several inventors. 



\ 



(1) The Newtonian KeQeclor, which has a concave mirror that cIob 
the tube al the end farthest from the object, and whos 
with that of tlie tube ; a plane speculum b placed within the tub^ ^ 
in the direction of its axis, and mclined to it at an angle of 4S° ; this 

_ intercepts the rays that are about lu form an image, and changes the 
place of this image to the focus of an eye glass fixed in the side oi 
the tube. The plane speculum employed by Newton, was thehinder 
most surface of a rectangular prbm of^aa 

(2) In the Gregtirian Telescope, the object speculum is perforated, and 
the image formed by it is in the focus of a smaller concave specu- 
lum, that returns it to be viewed through the aperture larger i 
by eye glasses. 

(S) Cassegrain substituted a convex speculum fur the smaller concave | 
one of Gregory. It is placed nearer to ihe lai'ge n 
cal distance, and thus forms the first image at the same place where 
the second is formed in the Gregorian telescope. This telescope, 
although less frequently used, appears to be preferable to the Gre- 
gorian. 

(4) In Herscbetl's Telescope, the niys are not reflected from a plan 
speculum, as in Newton's, but continue their course until they reach 
the common focus of the eye glass and the mirror. In this construc- 
tion, to prevent the body of the observer from intercepting the view 
ofthe object, tlie axis of the great speculum is inclined to tliat oftlie 
tube ofthe teleiirDpe. 

Vol, //. 



deof^J 
ider-^^^l 

,and^^ 

M 
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On this principle, Herschell has constructed telescopes of very eztraor- 
dinary size and power. One of them is forty feet in length, and the 
speculum five feet in diameter. See Enctclopedia BeitannicAj 
article Telescope. Rees, Telescope. Young, ^xxzvi. 



The Camera Obscura. 

702. When the image, formed by a lens or mirror, is receiv- 
ed upon a level, but unpolished silHace, capable of irregular re- 
flection, it is visible in every direction. Several instruments are 
constructed on this principle ; among which are, the Camera 
Obscura, the Solar Microscope, the Megascope, the Majpc 
Lantern, and the Lucernal Microscope. Young, ^ xxxvi. 

703. The general effect of the camera obscura, is the same, 
as may be often observed in a dark room, where there is a 
small hole in the window-shutter ; the great masses of light 
and shade before the windows being represented in an inverted 
position on the opposite walls of the room. A lens, whose fo- 
cal distance is rather less than the distance of the surface on 
which the picture is formed, renders the images more distinct; 
some of thent are still unavoidably ill defined, and indeed only 
those which are at the same distance from the aperture, wiU be 
seen to equal advantage in the same position of the lens ; by 
placing the lens in a tube, that -may be drawn out or pulled in, 
objects at every variety of distance may have their images ren- 
dered distinct. 

The rays that converge to form the image, are sometimes intercepted 
by a plane speculum placed obliquely ; the picture may then be 
thrown upwards and received on a plate of ground glass; if a sheet 
of transparent paper be laid upon it, the outline of the several ob- 
jects in front of the instrument may be traced. This outline will 
be erect, but the sides of the objects will be reversed. 

The lens is sometimes placed in a horizontal position, and an inclined 
speculum over it ; by their joint action, the image is thrown iqpon a 
surface placed beneath *, on tYv\s \\ve o\>^^c.\& Tssa.^ V*^ d^^^eated in 



1 
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their natural position. This surface is usually a plane^but it would 
be better to make it slightly concave, in order that every part of the 
picture, of objects at equal distances, shall be distinct. Young, 

^ XXXVI. 



The Solar Microscope. 

704. In the Solar Microscope, an image is formed on a wall 
or screen, by means of a.k'ns of small focal length; the object 
is placed very near this lefR, and the image is, consequeiCitly, 
much magnified ; it is illuminated by the rays of the sun, re- 
flected from a plane mirror, and condensed by means oT a con* 
vex lens. 

The plane mirror must be capable of motion in all angular directions, 
in order that its position may be accommodated to the clnuQigeable 
place of the sun. This adjustment is sometimes performed by 
means of the heliostat. 

When an opaque object is to be viewed, it liiay be illuminated either 
by a plane mirror placed obliquelyi or by a perforated concave 
mirror. Young, § xxxvi. 

The Megascope is an instrument contrived by M. Charles, for viewing 
opaque objects ; its principle is, the same with that of the solar mi- 
croscope. BioT, Precis J Vol. 11. 



The Lucernal Microscope. 

\ 

705. When the object, instead of being illuminated by the 
rays of the sun, is enlightened by the condensed rays of a lamp, 
the instrument becomes the Lucernal Microscope. 

The lucernal microscope, is an improvement: oC'^ instrument long 
used for purposes of mere amusement, and known by {he name of 
the magic lantern. The objects, used with this last instrument, are 
figures painlej: in transparent colours upon gl^uM sliders. When 
the groundliiNk slider is opaque, the lantern^ of large sixe and ^^- 
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feet construction, and the image formed on a transparent screetiy ii 
constitutes the apparatus once celebrated under the name of the 
Fhantoimagoria, 



The Camera Lucida. 

706. If a quadrangular prism be taken, with its sides Inclined 
in such a manner that the rays, proceeding from a distant ob- 
ject, and falling nearly perpendicular on the anterior suiikoe, 
shall be twice totally reflected, and afterwards leave the prism 
in a direction perpendicular to its upper surface, an eye, placed 
over the prism, will see an erect image of the object, that will 
appear beneath the prism. If, now, the pupil of the eye be 
brought near to the prism, and placed in such a way that the 
reflected rays shall not occupy more than half its surface, it 
will be manifest, that the spectator will see at the same time and 
with the same eye, both the object and the paper placed beneath 
the prism, on which its image will appear to be projected. I( 
then, he should wish to draw the outline, he may, without difli- 
culty, trace it by means of a pencil, whose point he will see at 
the same time with the image. 

To do this with greater ease, a convex and a concave lens are attached 
to the prism, and may be used by such persons as have impeiv 
fections of vision that require such aid. This instrument was in- 
vented by Dr. Wollaston. Biot, PreriSy Vol. II. 



Of Micrometers, 

707. When telescopes are used for astronomic purposes, they 
are frequently furnished with micrometers, or apparatus by 
which small angles may be measured. 

708. Sometimes a scale or wires are introduced in the dia- 
phragm, at the place of the last image ; one of the wires is ^ 
usually movable, and it is necessary, that it be illuminated in 
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such a manner, as to be dUiinctly visible. Sometimes a scale is 
introduced, which, from the apparent magnitude of a known 
object, enables us at once to ascertain its actual distance. The 
angular magnitude of an object, seen through a telescope, may 
also be found, by viewing, with the other eye, a scale, or an ob- 
ject of known dimensions, placed at a given distance. The 
object glass of the telescope, is sometimes divided into two se- 
micircular portions, one of which slides on the other ; each por- 
tion acts as a separate lens, and thus two images of every point 
in the object being formed, the angular distance of any two 
may be found by bringing their images together, and measur- 
ing die displacement of the movable part of the object glass 
that Is required for procuring this coincidence. Sometimes a 
similar effect is produced by dividing one of the lenses in the 
eye piece. In reflecting telescopes, one of the mirrors has 
been divided and applied to the same use, Youkg, ^ xxsvi. 



709. A double achromatic prism, placed id llie tube of the 
telescope, that will refract the rays In such a way as to form two 
images, may also be used as a micrometer. The points whose 
distance is to be determined, are brought Into contact by mo- 
ving the prism backwards and forwards in the direction of the 
axis of the telescope. Of late years, portions of double refract- 
ing substances have been introduced and employed in a similar 
manner. See Biot, Precis, V'^ol- II. 



OF THE INFLEXION Of LIGHT ANB 1 



COLOUHS OV PLATES. 



710. The inflexion of light is a modification that Its raysim- 
dergo when they pass near the edges of bodies. They are 
then bent from their direct course, and the inflection is not the 
same in all the colours, but greatest in those which are m^t re- 
frangible. Biot, PtbcU, Vol. II. 

The iiillexion may be rendered visible by intercepting a pencil of solar 
rays, admitted into a darkened chamber, by a plate of metal, i 



i 



1 10 fhTj\n.ti or \^lLT%i P'l^loM'pk^. 



iHbich a v«*rT mail hoift  pKrad. Tbe 
cdsj^M a «7«eii.fnU, ia diia case, be mo ksoaer & 
friii» iiefac, bat will Ik sarraaaded by a ■aoaber «lf 
ki«r«i riacfi. 1/ tfa^ pencil be one iepomed by & 
portion of any one oc the coioured nys be 
similar oridce, the riaev will have is colour, aad be 
vh;rJi viO be blank. 




Siaijlar naoits may be oiwaiDed by brinriiie two 
e4^ near each other; the Kgfai tniwwined wiD 
whrte, but will be frioged on each side widi tfe 
Biflrr, VoL IL 



Tbene appearance have been explained by Tami^y on the hypochois 
of anduhuions ; he supposes, that the waTH, by wfaoae actioii ligkl 
b, on this hypothesis, propagated, interfere with each oiker. 

71 1 . When bodies are reduced to the form of duo phtes, 
they reflect less light from their anterior surface than tliey dd 
before^ while at the second, certain colours are reflected or 
transmitted in preference to others ; this preference aj^iears to 
depend upon the thickness of the plate, and the natnre of die 
substance of which it is composed. 

These appearances may be perceived by pressing two prisms of |^ 
together ; a thin plate of air will then be intercepted between them ; 
and, if it be made to reflect light, and viewed, it will be found to 
present a set of coloured rings, surroundii^ a black spot; diese 
rings arc seen when a convex lens, whose radius of curvature is 
large, is pressed against a plane of glass ; and in thin films of wa- 
ter, in which soap has been dissolved. Bior. 

712. The light transmitted through thin plates, is also co- 
loured ; in this case, the central spot is white, sturonnded by a ' 
black ring, this is succeeded by a white circle, and the whole in- 
clude4 in a number of coloured rings. Biot. 

Those several appearances in thin plates, have been accounted|for by 
Newton, on an hypothesis, which is as follows, viz. 
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713. Every particle of light acquires, in its passage througli 
a refracting surface, a certain transient property, which is repro- 
duced at equal intervals of time, during the whole of its continu- 
ance ID the refracting medium ; hence it results, that at each re- 
turn of this property, the particle of light would be readily trans- 
mhtednhrough the second surface of the refracting medium, if 
it should at that moment present itself; while in the intervals of 
this state, it is easily reflected by the second surface, Newton. 
BioT, Precis, Vol. n. 

Young has applied hb theory of mterference, to the explanation of the 
same phenomena. Youno, ^ xxxix. 

isevideutlythesameas that of polari- 



714. The colours of mixed plates constitute a distinct varie- 
ty of the phenomena of thin plates ; they appear, when the in- 
terstice between two glasses nearly in contact is filled with a 
great number of minute portions of two difiereut substances, as 
water and air, oil and air, or oil and water. Where light is 
transmitted through such plates, it assumes an appearance simi- 
lar to tliat which is produced by reflection from a homogeneous 
plate. 



This appearance 



first remarked by Dr. Young. Youmg, 



715. The colours produced_by thick plates, were observed 
by Newton. He produced them by letting a ray of light fall 
upon a concave glass speculum, coated with quicksilver, and 
holding a sheet of white paper in the direction of the reflected 
ray, he observed four or five coloured rings surrounding the 
central spots, and resembling the rings transmitted through thin 
jslates. Newton, Lib. TI. Pars. IV. ►- 



4 
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POLARIZATION OF LIGHT. 

716. From the experiments of Huygens on the phenomena of 
light refracted by Iceland spar, Newton inferred that the parti- 
cles of light had each of them four sides ; on two of which, they 
were subject to the usual, and on the other two, to the unusual re- 
fraction. This hypothesis is not inconsistent with the phenome- 
na ; but that of Malus is better calculated to famish an explana- 
tion of them. He supposes every particle of light to have two 
poles of contrary properties, in the same maimer as a magnet, or 
as a polar electrical arrangement; that by one of these it b at- 
tracted, and by the other repelled, from bodies existing in ap ap- 
propriate state to produce the phenomena. 

717. Some substances act upon the particles of light, in ndia 
way as to turn all the homologous poles towards the same direc- 
tion. In this case, the ray of light is said to be polarised. 

Thb polarization may be effected in a variety of different mannas. 

718. When the particles of light traverse crystallized bodies 
that have the property of double refraction, motions around tlieir 
respective centres of gravity appear to be impressed upon them ; 
these motions depend on the nature of the force that is exerted 
upon the ray of light, by the particles of the crystal. It foaie- 
times happens that the forces produce no other effect, than that 
of arran^ng all the particles of the same ray parallel to eadi 
other, in such a way that their homologous poles shaU be tiuiied 
towards the same portion of space. 

Malus called this particular efFect, Polarization ; because he oonoei^ 
ed that it resembled the effect produced by a magnet on a system of 
magnetized needles, all of whose homologous poles would be turned 
in the same direction. When this phenomenon occurs, the particles 
preserve the property they have thus acquired, as long as they R^ 
main in the double rQ(YacV\\\^w\oCiA\wv,\y\\^Vv^^wi\«si<^ffl^^ 
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farther moiioa urouiid their centres of graviiy. BiOT, Pndl, 
VoL 11. 

719. At other times, the action of the crystal causes tlie par- 
ticles to oscillate arouad their ceutre with velocities, and during 
periods that can be calculated; and again, the action is some- 
times such as to impress upon them a continuous rotary motion. 

730. Phenomena of the same kind may be produced by refieo* ] 
lion. This was discovered hy Mains, and haE been the founda- 
tion ofa series of experiments and discoveries of the most inte- 
resting nature. The persons who have principally distinguish- 
ed themselves in this investigation, are Malus, Biot, and Arrago, 
in France, and Brewster, in Great Britain. 

Polarization by reflection is complete, or extends to every particle 'of 
which the ray is composed, at one certain angle of incidence, only, 
in each different reflecting body. ' 

Polarization by refraction is not produced instantaneously, but the par- 
tides of light acquu^ it gradually as they pass into the refracting 
mcdiuiu ; until it is fully developed, the particles appear to oscillate 
on each side of the direction which they finally attain. This state 
is called, by Biot, that of movable polariKation ; when polarization 
is fully efiected, it is said to be permanent or fixed. 



Our limits will not permit us to enter more fully uito this novel an4 
interesting subject. Those w)io wish to pursue it, may consult Bl- 
ot's two works, his IVoi(e Complet, and Precis Elementaire de 
Phyti^e, and Dr. Brewster's several papers on the subject. 

Dr. Brewster has proposed the action of crystals upon light in produ- 
cing polarization, as the basis of a classiGcatiou of minerals. 

721 . Alt the experiments fully confiiMn the hypothesis of Ma- I 
lus. If it be atjmitted as true, it fiimisbcs ue, at once, with ai^'| 
explanation of the reason why one porttoti of iVve sanv« t-a.'j < 

Vol. II 15 
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light is reflected, and another refracted, at the same surface ; of 
the colours of plates, and of various other optical phenomena. 



APPLICATION OF OPTICS TO THE EXPLANATION OF NATURAL 

PHENOMENA. 

722. The rainbo.w is an appearance that is occasionally ob- 
served in the heavens ^ it sometimes consists of one, and some- 
times of two circular arcs, tinged with all the colours of the spec- 
trum. The rainbow is only seen in the part of the heavens di- 
rectly opposite to that occupied by the sun ; it is essential that 
rain should be falling in this direction, and the drops illuminated 
by the solar ray ; the inner bow is never seen when the sun's al- 
titude exceeds 42^, nor the outer, when it is greater than 54^ ; 
from all these circumstances, it may be inferred, that the rainbow 
is produced by the refraction of the white rays of the solar light, 
aided by one reflection, at least, by means of which they are re- 
turned dispersed to the eye of the spectator. 

723. The light which falls upon the drop of rain, is refracted 
on entering it ; it passes on in its new direction, until it reaches 
the second surface ; a portion will pass out here, but another poi^ 
tion will be reflected ; the reflected ray will proceed to the an- 
terior surface, and a portion pass out, being refracted in a con- 
trary direction to that it at first underwent. If we follow this 
ray, and suppose an observer placed so as to recdw it, he would, 
if no dispersion took place, see a small image of the sun in the 
direction of the drop. As the drops are innumerable, be would 
see innumerable images arranged in the figure of a circular arc 
of an angular breadth, equal to the diameter of the sun. In 
consequence of the unequal refrahgibility of the rays of light, thd 
breadth of the circular arc is increased, and it is tinged with the 
prismatic colours, in the same manner, and on the same prind- 
p)es, that an-oblong coloured spectrum is produced, instead of a 
white circular spot, by refraction through a prism. 




The refractive and dispersive powers of water being known, we may 

calculate the breadth of the bow produced by one reflectioD, and the 

angle its semidiameter will subtend. The breadth of the bow, 

found in this way, will be l°4,'i', ihe angle subtended by its exterior 

diameter, 42° 2' j and by its interior semidiameter, 40" 17'-- 

L^ This is the iuner bow, and the red colour is found on its outer, thA 

V^ violet on its inner surface. To the above numbers must be applied 

I a correction for tlie diameter of the sun. 

734. Other drops may be so situated, that light may reacli i 
the eye after undergoing^ two internal reflections from its surfa- 
ces. Id this way, the light will be rendered more faint, the CO^ 
lours will be inverted, the angle subtended by the bow, aiid the ( 
breadth of its coloured surface greater. 

By calculation, the two semidia meters are found to be 50° 57', and^ 
54° 7') respectively, and the breadth 3" 10'. This is the mode in j 
which the outer bow is formed. This ealculation, like the other, j 
requires a correction for the sun's diameter. 

The theory of the rainbow was first partially illustrated by Antonio 
de Domints, archbishop of Spalntro ; it is also referred by Huygens 
to the same cause that produces the prismatic colours ; but it was 

p reserved for Newton to give a full and satisfactory explanation. 

^K See Newtox, Lib. I. Pars, II. Prop. 0- 

P 

 ' 725. Rainbows are sometimes formed by the light reflected 
from the moon, but iliey occur much Jess frequently than the | 



Of Halos and Parhelia. 



736. Id high northern latitudes, where the air is commonly 
loaded with frozen particles, the sun and moon usually appear 
surrounded by lialos or coloured circles, at distances of 22° and 
46° from their centres. This appearance is also sometimes 
seen around the sun, and frequently around the moon, during 
the winter of our climate. The halos are often attended, iifr j 
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high latitudes, by a horizontal white circle, by parhelia or 
bright spots near their intersection with this circle, and with 
portions of inverted arches of various curvatures. Anthelia, or 
brirht spots, nearly opposite to the sun, are also sometimes ob- 
iei ved on the horizontal circle. The whole of these appearan- 
ces are accounted for by Young, from a knowledge of the figure 
which water assumes in passing into the state of ice ; he sup- 
poses the halo, &;c. to be produced by the reflections and re- 
fractions that the rays of light undergo from the particles of 
snow, when in the act of shooting into crystals. Young, 

^ XJCXVII. * 

A similar theory appears to have been given by Mariotte. 



Cf the Permanent Colours of Bodies. 

727. The integral parts of almost all bodies appear to be 
transparent, and opacity results from the numerous reflecti(»is 
that take place as the light passes from one particle into ano- 
ther, after it has entered the body. Newton, Lib. II. Pars. II. 
Prop. 2. 

728. The particles of bodies are probably arranged in 
groupes, and large spaces intervene between both those of 
opaque and of coloured bodies ; these are either absolutely va- 
cant, or filled with media of a density diflerent fi>om the bodies 
themselves. So great is the interval between tb particles, that 
it is possible that even in bodies which appear*^ us as most 
dense, the intervals may be in magnitude many thousand times 

'as large as the sum of the solid atoms which cofhstitute the body. 
Newton, Lib. U. Pars. II. Prop. 3. 

When a pencil of rays enters into a body composed of 
groupes of particles and intervening spaces, according to the 
above hypothesis, a certain number of rays may pass by all the 
groupes, without undergoing either reflection or refraction, and 



ii]l be transmiued. There will be also another portion of 
^Tays that will fall Dpon the groupes themselves, and pass through 
them. In entering them, the particles of light will be affected 
by lila of easy and difficult transmission, exactly as in thin 
plates, and will reach the second surface of the particles with 
different dispositions ; some for reflection, and others for 
refraction. Those which are actually reflected, will form 
the permanent colour of the object, and their quality will de- 
pend on the magnitude of the particles of the body, and the 
manner in which they are grouped. See Newton, ubi supra, 
and BioT, Vol. U. 

That the colour of bodies arises from the manner in which their pai^ ' 
tides are arranged, may be evident from a number of experiments. 
Among these is oue contrived by Thcnard, in which phnsphor 
may be at pleasure rendered either yellow or black, transparent o. 
opaque. 

The tints presented by mother of pearl, is another instance of tl 
saiue kind, for they depend entirely on the constitution of its sur- 
fiice, and the properly may be communicated by impression to 
sealing wax, or any other ductile body. The action of dilute sul- 
phuric acid on tin plate, produces a similar play of colours on its 
surface, and a machine has lately been invented, by which gtria 
may be drawn on steel, and a like effect produced. 
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sur-^^ 

Of the Blue Colour and Apjiarent Figure of the Sky. ^^^ 

_ 729. When we view objects through a small extent of inter- 1 

pVening air, it will appear to us perfectly diaphanous, but when 
we examine more distant objects, we shall find their own colours 
affected by a mixture of a blue tint. We may hence infer, that 
the air of the atmosphere is so constituted as to transmit all the 
rays of white light, except the blue, which it reflects. The at* ^^h 
mosphere becomes visible to us, for this reason, in the form of a^^H 
blue ^^^1 
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730. The apparent figure of the sky is not a hemisphere, but 
a less portion ; we seem to draw our sensation of this from two 
other phenomena. The clouds are arranged in a portion of a 
sphere, whose centre is the centre of the earth ; our position is 
eccentric, and the clouds over our heads are much nearer to us 
than those which are near the horizon ; it is probable that our 
idea of the heavens is partly deduced from this source. In ad- 
dition, we conceive the heavenly bodies to be much larger when 
near the horizon, than when in the meridian ; probably because, 
in consequence of their rays having to pass through a greater 
portion of the atmosphere, they are less bright, and we are ac- 
customed to find faintness attended with increased distance ; we 
also see many objects intervening between us and the horizon, 
and can, from their magnitudes, form some estimate of the ap- 
parent diameter of the heavenly body ; no such means of com- 
parison exist between us and the meridian. 

A similar deception is to be seen in relation to the size of all objects 
seen at an unusual angle of elevation. 



OF THE RELATIONS OF LIGHT WITH HEAT AND MAGNETISM. 

731. If very sensible thermometers be placed in the several 
coloured rays, dispersed by refraction through a prism, it will 
be found that the thermometer placed in the violet ray is least, 
and that in the red ray most afiected. If, however, a thermo- 
meter be placed at a little distance from the red ray, aj^d entirely 
without the visible spectrum, it will be more aednbly afifected 
than if it were placed even in the red ray. Hence^ it might be 
inferred, that heat is composed of particles unequally acted 
upon by refracting media ; that the least refrangible of these is 
less refrangible than even the red ray. 

This experiment was first performed by Herschell. 

732. In repeating his experiments, these results were not on- 
ly fully confirmed, but others, still more remarkable, obtained. 
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The power of the spectrum to effect chemical changeSi was 
found to be greatest in the violet ray, and least in the red ; but 
this power was found to be at its maximum a little without the 
violet ray, and in a place where there was no perceptible radia* 
tion. 

The chemical effects of the several rays, were ascertained by their 
power to produce changes of colour in the salts of silver. This 
fact was first observed by Ritter, and subsequendy confirmed by 
Wollaston* 
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733. It has been hence concluded, that the solar beam is 
composed of three distinct sets of rays ; one, which was capa- 
ble of producing the sensation of light and colours ; another, 
of causing heating; and, the third, of effecting chemical 
changes. 

The third set of rays have, also, the property of inducing 
magnetism in bars of iron ; thus, a needle, exposed to the vio- 
let ray of the spectrum, becomes permanently magnetic. 

By late experiments of Col. Gibbs, it would appear, that 
light is of great importance in inducing magnetic properties ; 
when the ore of iron is first dug from the mine, it is not magne- 
tic, but, after a few hours' exposure to the light, it acquires po- 
larity ; an artificial magnet, locked up for some months in the 
dark, lost its powers, which were restored to nearly their origi- 
nal force li^ ^bil^ction of the rays of the sun. See Silli- 
man's JouRiui^Vol. I. 
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NATURAL. PHILOSOPHY. 



ASTRONOMY. 



OF THE CELESTIAL SPHERE.' 



734. When we look at the heavens on a clear night, alll the 
stars appear at the same distance from us, and therefore seem 
to be situated on the surface of a sphere, having the eye' for its 
centre. Playfair, Vol. II. 

« 

To a superficial observer, the £arth itself appears as an exti^dtd 
plane; the intersection of this plane with the sphere is the sarisiUe 
Horizon. 

ft 

785. If the stars be observed, and their positions marked, a 
short time after dusk ; and if we view them a second time, in 
the course of the same night, we shall perceive that some of 
them which were before seen near one side of the heavenly will 
have sunk beneath^ the horizon ; that the others hpivt, «U ap* 
proached tcMiyrds this part of the heavens ; while soaM^^pBI 
visible before, will have risen from beneath the opposite iide 9f 
the horizon. 

' The portion of the heavens in which the stars rise, is called the East *, 
that where they disappear, the West. 

736. Observations continued for a series of nights will show 
that all the stars describe circles, having the same point for thdr 
pole. 

Vol. 11. 16 
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The Stan, therefore, appear to move exactly as if they were fixed oa 
the surface of a sphere that revolves upon an axis in a space of 
time differing but little from a natural day. Thb motion, which b 
common to all the heavenly bodies, is called the Diurnal Motion. 

737. If we again observe the heavens, at the same bow, 
some days after our first observation, we shall find that several 
of the stars that were before observed near the western part of 
the horizon, will have already set, while those that were on the 
eastern side have attained a considerable elevation, and those 
that were before observed to rise, are already risen. We infer 
firom this, that the sun has a motion among the stars in a direc- 
tion contrary to the Diurnal Motion. 

 

738. The diurnal motion of the sun is apparently in a circle 
whose axis is the same as that of the circles described by the 
stars. But he does not constantly describe the same circle ; for 
if his greatest altitude be observed daily, by measuring the 
length of the shadow cast by a gnomon, he will be found to 
rise to a much greater altitude in summer than in winter. The 
whole amount of the variation between these two periods of 
greatest and least elevation, is about 47^. 

The period of this variation is about a year, and nearly the saake as 
that of his motion among the stars, from a given point in the hea- 
vens, until he again returns to it. His apparent annual motion is 
hence determined to be in a circle inclined at an angle of about 
23^^ to that described by him, on the day when his greatest altitude 
is at a mean. We shall hereafter give more accurate methods of 
determining this inclination, and of showing that the apparent an- 
nual path of the sun is in reality a circle of the sphere. 

739. The Moon is also found to change her position among 
the stars, advancing towards the east at the rate of about 13^ 
in 24 hours, and completing a circuit of the heavens in 27 days. 

740. Five otlier heavenly bodies, visible to the naked eye, 
have an apparent motion among the stars, and five more, 
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have been discovered by the aid of the tele* | 




' 74!. The principal part of die stars have been found, by long 
*" observation, (o have no sensible motion in relation to each 
other ; they are therefore called Fixed Stars. Those which have 
an apparent motion are called Planets ; and there li besides 
another class, whose motions are extremely irregular, tliat are 
called Comets. 

742. The actual Sgure of the Earth is not an extended 
plane, but a globe or body bounded by a surface nearly spheri- 
cal. This may be shown in a variety of ways. 

(l) If the Earth were a plane, the circles described by the heavenly 
bodies nould be equally inclined to the horizon, and their pole 
would have the seinie altitude at every point on the Earth's surface. 
But this b not the case, as every change of place towards the North 
or the South changes the altitude of the pole. 

(3) The same heavenly body would in this cose be seen to ri 
the same instant or time, by observers situEited at every different 
point of the Earth's surface. 

(3) It may be iofcrred from the appearance of the sea, and of shipi 
sailing upon it, as viewed from the land ; and of the land as ap- 
proached from the sea. 

(4) The globe of the Earth has been circumnavigated. 

(5) The section of the Earth's shadow in lunar eclipses is aJways 
cuTular. ^ 

743. The diameter ol" the globe of the Earth is exceedingly 
tt&U when compared with the distance of tlie fixed stars. 

Tliis may be readily shown, by remarlLing thai the relative positions of 
the fixed stars do not alter ; and that the circles they describe ap> i 
pear the same from every portion of the Earth's surface. 

744. Since the diameter of the f^lobe of the Earth is vet^ 1 
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small, when compared with the distance of the fixed stars, we 
may suppose the centre of the Earth to be the centre of the 
sphere on which the stars appear to be placed. It is to this, 
called the Celestial Sphere, that we refer the positions of all 
the heav^ily bodies , and in order to do this with more ease, we 
suppose certain circles to be drawn apon it. 

Those circles whose planes pass through the centre of the sphere, are 
called great circles ; and they all mutually bisect each other. 

The circumference of each great circle is supposed to be divided into 
* 960 equal parts, that are called degrees. 

Those circles whose planes do not pass through the centre of the 
sphere, are called less circles. 



745. The axis of Diurnal Motion is called the Axis of the 
Heavens, and the points in which it cuts the sphere are called 
the Poles of the Heavens. In general, the pole of any circle 
of the sphere is^that point in the sphere which is equidistant 
from every point of the circumference of the circle.' 

The great circle whose plane is perpendicular to the axis of 
the heavens, is called the Equator. 

The circles of diurnal motion are all parallel to the equator; for this 
reason they are called Parallels. 

746. If the direction of gravity be produced upwards, till it 
intersects the celestial sphere; the point of intersection is called 
the Zenith. If the same line be produced downwards, it will 
cut the sphere a second time in a point directly opposite, which 
is called the Nadir. 

The plane of the sensible horizon is perpendicular to this line ; and 
if another plane, perpendicular to it, be supposed to pass throogfa 
the centre of the earth, it will intersect the celestial sphere in a 
great circle that is called the rational horizon. As the diameter of 
the earth bears no sensible ratio to that of the celestial sphere, we 
may, for the present, conidder the sensible and rational horixons as 
coinciding. 
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747. The equator being bisected by the horizon, for they 
are both great circles, the heavenly bodies that describe the 
equator in their diurnal revolution, are all as long above the 
horizon as they are beneath it. The sun is in this situation 
twice annually, and hence the equator has l>een called the equi- 
noctial line. 

The point w)iere the equator intersects the horizon on its eastern side, 
is said to be due East. The^ other point of intersecdon, due West. 

If we stand on the surface of the earth, and look due east, the point 
of the horizon, 90^ distant from the east and west points, and 
which is on our left hand, is called north ; the point directly oppo- 
site, is called south. These four are called cardinal points. The 
intervals between them, are each divided into eight equal parts, and 
the divisions are called points of the compass. 

748. A great circle of the sphere that passes through the 
pole and, through the north and south poin^, of the horizon, is 
called the Meridian. 

The axis of the meridian coincides with that of the celestial sphere. 

The number of meridians is infinite, for there may be as niiEuay as 
there are points in the circumference of the equator i but at any 
given place, the term is restricted to that which passes through its 
zenith, while the others are called hour circles. 

The planes of the meridians all cut the equator at right angles. 

i 

4 

749. Those circles whose planes pass through the zenith and 
nadir of any place, are called vertical circles ; they ai^ all 
perpendicular to the horizon. 

The meridian of any place passes "through its zenith, and is, of course, 
one of the vertical circles. 

The vertical circle that passes through the east and west points of the 
horizon, is called the Prime Vertical; it is perpendicular to the 
meridian. 

The arc of a vertical circle, intercepted betw^n a heavenly body and 
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the horizon, is called its altitude. The arc between it and the ze* 
nithy which b the complement of the former, is called the loiith 
distance. The arc of the horizon, intercepted between the verti- 
cal circle, passing through a heavenly body, and the mericBan of 
the place, is called the Azimuth of the heavenly body. Vertical 
circles are, therefore, sometimes called circles of azimuth. 

750. The altitude of all heavenly bodies is greatest when 
they are in the meridian, and they have equal altitudes when 
they are at equal distances from the meridian on either side, or 
when their eastern and western azimuths are equal. 

751. If a meridian circle pass through a heavenly body, the 
arc, intercepted between the body and the equator, is called the 
Declination of the body ; and the arc of the meridian, inter- 
cepted between the zenith of a place and the equator, is called 
the Latitude of the place. 

The elevation of the pole at any place, b equal to its latitude. When 
the position of the pole is on the north side of the prime vertical, 
the latitude is north ; when on the south side, it is south. To an 
observer, situated at the equator, both poles appear to be in the ho- 
rizon, and the circles of diurnal rotation are perpendicular thereto. 

752. Those stars, whose distance from the pole that is 
above the horizon of a place is not lesa^than the latitjade, never 
set, while those which are within the same distance of the oppo- 
site pole, never rise. 

The parallel, whose distance from the pole is equal to the latitude of 
the place, is hence called the circle of perpetual apparition ; and 
those stars which never set, are called circumpolar stars. 

The elevation of the pole at any place, should therefore be found by 
observing the altitude of one of these stars when it passes ,the meri- 
dian above, and ag^n when it passes the meridian below the pole ; 
that is, by observing its greatest and least altitudes above the hori- 
zon ; half the sum of these, b the latitude of the place. 

When the latitude is known, the declination of a heavenly body may 
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he found by taking its meridian altitude ; for the difference between 
the meridian altitude of the star, and the complement of the latitude, 
ia equal to the declination ; when the meridian altitude of the star is 
]i;ss than the complement ofthe latitude, its declination is of the op- 
posite kind to the latitude of the place ; when its altitude Is greater 
than the complement ofthe latitude, it is ofthe same kind. 

753. The circle which the sua appears to describe annually 
in the heavens, is, as we have seen, a great circle of the sphere : 
it intersects and is bisected by the equator. This circle is call- 
ed the Ecliptic. 

The points where the ecliptic intersects the equator, are called the . i 
equinoctial points ; and those distant from them 90-*^, the solstitid 

The moment when the sun is in the equator, is called the Equinox ; 
of these there are two, the autumnal and the vernal. 



The moment when the son is in one ofthe solstitial points, is called the J 
Solstice ; one of these occurs in summer, the other in winter. 

The two parallels of declination that touch the ecliptic, are called tro- 
pics ; and two parallels, distant from the poles as far as the tropics 
are from the equator, are styled polar circles. The polar circle that 
is situated in the northern hemisphere. Is called the Arctic, and that 
in the southern hemisphere, the Antarctic circle. 

754. The great circle that passes through the equinoctial 
points and the pole, is called the Equinoctial Colure ; that which 
passes through the solstitial points and the pole, the Solstitial 
Colure. 

755. If a meridian or hour circle pass through a heavenly bo- 
dy, the arc ofthe equator intercepted between the meridian and 
the vernal equinox, is called the right ascension of the heavenly 
body ; this is usually measured in time. 

The conversion of degrees, &c. of tlie meridian into time, is easily 
done; for the lime which elapses between the passage of a heavenly 
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body over the rnmdian, or any other vertical cucley and its next re- 
turn to ity it called a day; and astronomers divide llie day mto 
twenty-four hours ; during each of these an arc of Ae equator, 
equal to 15^, will pass over the meridian. 

In consequence of the motion of the sun among the stars, the time of 
his return to the meridian will not be the same as that of a star; 
hence, days are divided into solar and sidereal. 

756. Sidereal days are always of the same length ; thb is 
known from the fact, that the more perfect the construction of 
the instruments by which time is measured has become, the 
more accurately have they been found to coincide with the si- 
dereal day. An argument has also been drawn by Laplace 
from 4he secular equation of the moon's motion ; aiid in this 
way he has proved incontestably that the length of the sidereal 
day has not varied since the time of Hipparchus, a period of 
nearly 2000 years. 

The rate of a clock may be compared with the sidereal day, by setting 
up a telescope in a permanent position, and observing the time at 
which a known star passes either over a wire fixed in its focus, or 
past some fixed and distant object. The interval between two sao 
cessive passages is a sidereal day, or 24 hours ; if the interval 
marked by the clock is greater than this, the clock has gone fast; if 
the interval be less, the clock has gone slow. The pendulum may 
then be shortened or lengthened, as may be required to correct the 
error; and when the rate of the clock has thus been brought near 
to the truth, the regularity of its motion may be tested by observa- 
tions of the same kind. See Delambre, Astronomic Theor. et 
Prat. Vol. I. 

757. The perpendicular distance between any heavenly body 
and the ecliptic is called its Latitude ; the arc of the ecliptic 
intercepted between this perpendicular, and the equinoctial point 
is its Longitude. 

On the surface of the Earth, longitude means the arc of the equator 
intercepted between the meridians of two places. It is.osual to 
choose for the first of these, whence all longitudes are reckoned, 
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rliat whicb passes lliroiigli some principal observatory. C 
Tor this reaaoOj Is used by the ^glish, and Paris by the FrOH 
It has been usual, on maps published in tiie United States, lo reek^^ 
the longitude from Wasliinglon ; as, however, there is no obiervB;- 
tory established there, nor the longitude of any given point i 
lained with absolute certainty in reference to that of the placi 
which the tables of astronomy have been constructed, this practice 
rioes not merit comiricndutiun. 



OF ASTRONOMICAL INSTRUMENTS, 



758. An AEtroQomical Clock must be of the best construc- 
tion, and furnished with a compensation pendulum. We have 
already (see § 390) discussed the proper structure of this in- 
strument. Chronometers are also used in fixed obeervatories, 
to measure smaller portions of time, and to mark out solar 
time, in contradistinction to the sidereal time to which the clock 

IIS usually regulated. 
f We have seen the use of a Telescope, fixed in one determinate dlrec- 
p^' tion, for the purpose of regulating the clock, and ascertaining its 
P* rate. A number of other telescopes are necessary in an observa- 
^ toTy, to observe the several phenomena of the heavens, and as parts 
" of the instruments for measuring angles. 

759. When a telescope is mounted upon a fixed horizontal 
axis, so that its motion shall be in a vertical plane, it constitutes 
the Transil Instrument. The suspension is effected by means 
of a hollow tube fixed at right angles to the tube of the tele- 
scope, and of the figure of two truncated cones, whose larger 
bases are turned towards the telescope, the extremities are cy- 
lindrical, and rest upon Ya. 

The axis of the hollow tube is rendered horizontal by hang- 
ing from it a very sensible spirit level, and raising or lowering 
one of the Ys by a screw, until the bubble occupies the exact 
middle of the lube. The axis of the lub« 

VoL.n. 17 
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figure of a circle of large diameter, and parts correqioiidiiig to 
Bti divisions are marked upon a scale, in order thfit any acciden- 
tal variation of the telescope from the vertical plane may be 
corrected or allowed for. 

In the focus of the telescope is a diaphragm fumisbed with wira; 
ooe^f tliese is in the axis of the instrument,- and would suffice for 
the observation ; but to compensate any accidental error of obser- 
vation, it is usual to have ^t least four others, and the time of pss- 
sage is taken as the mean of the several passages over the fi?e 
wires. These wires are illuminated, in nocturnal ObservationSi by 
means of a lamp, whose light is transmitted through one of the 
cones on which the instrument hangs. 

Instead of wires, DoUond has lately introduced a mode of cutting fine 
lines on.plate irlass; this method is for many reasons preferable to 
thC'Other. 

To set the Transit, a meridian line must furst be traced ; this is done 
by erecting a gnomon, and marking points occupied by the extre- 
mities of its shadow, when of equal lengths, on each side of the m^ 
ridian ; the distance between these points being bisected, a line 
drawn to the point of bisection from the foot of the gnomon, will 
be nearly in the meridiem. The Transit Instrument being estab- 
lished in this line, may be brought to the true meridian by observa- 
tions of circumpolar stars; if the interval between the superior 
and inferior passages of these over the wires of the telescc^ be 
not exactly the half of the interval between two successive passages, 
both either su()erior or inferior, the instrument is not in the meridian, 
and must be shifted until this equality takes place. 

A meridian line may also be drawn by marking the asimuth of the 
same star, when it has equal altitudes, on the two sides of the faerie 
dian, and bisecting the azimuthal angle. 

760. The Astronomical Quadrant, is an arc of a brasen cir- 
cle included between two radii, at right angles to each other ; 
one of these radii is adjusted to a vertical direction by means of 
a plumb line ; the other will then be parallel to the horixon. A 
plate of brass is affixed to the centre of the circle, around which 
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Mbas a I'ree motion, so that its extremity may apply itself b 
any portion of the arc, at pleasure; on this plate sights wer 
formerly placed, and ^directed in observations of altitude to I 
heavenly body ; instead of these, a telescope is now used ; 
affixed to the plate of brass, and is carried around with it. 

When quadrants are of lai^ size, iliey are usually permanently fai 
tened to a walUn the plane of the meridian; when in ihia positioiL 
they are styled MuraL 



. Smalla quadrants ari 

" lions out of the r 

and levelled by mc 

. Although tiie Zenith 
cular mark, it is aci 
line; hence diis instrument is used 

, ^n portable quadrants, it is usual Iq jilaec their 
horizontal circle, and to athx arnis carrying 
sion?; azimuths may, by means of lliisadtiiti 
same time with altitudes. 




ised for poi'iable oliservaturles, and in observl 
iridian; they are mounted upon tripod standi 



distinguished in the heavens by any parti- 
itely pointed out by the direction of the plumb 
■e zenith distanci?3. 



761. The (juadrant is liable to errors in its original coustruij- 
lion, and may afterwards change its figure, without its havinj^ 
any inherent property of either showing or correcting its errors^ 
For this reason, circular instruments are rapidly superseding 
the quadrant in the observatories of Europe, and in the estima- 

»tion of astronomers. It is a property of the circle, thai the 
sum of the two arcs cut from Its circumference by any two 
lines crossing one another at a constant angle, is the same, 

, whether these lines pass through the centre or not ; hence, if a 
zenith distance be ohscrved on two opposite quadrants of the 
same circle, half the sum of the two arcs will be the truth ; but 
the circle affords an additional compensation of error, for the 
observation may be read on the two remaining quadrants, or the 
instrument may have as many as six veniieri*. 



A magnilicei 
Tronghtoi 



I instrument of tliis description, has been constructed by 
, for the obscrvntory al GreffnwwVv, ani wvsCnw »^ «.of«S. 
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merit fortheobiervatoiyatGottingeiiyby Reicbenbaeli. The first 
instniment of the kind was made by Ramsden, for the obtervatory 
of Palermo^ where it has been used by the celebrated aatronomer, 
Piazzi. 

762. In the construction of portable instruments, the circle 
has also been introduced instead of the quadrant. In some of 
these, but one observation is made before it is read and regis- 
tered ; such are the altitude and azimuth circles of Troughton. 
It b, however, better to introduce in portable instruments the 
principle of repetition first proposed by Mayer ; of instruments 
c^ this kind, we have examples in the repeating circle of Borda, 
(see Puissant, Geodesic; Delambre, Vol. I. cap. viii. ^ 28.) ; 
in its improvement by Troughton, (see Edinburgh Enct- 
cifOPEDiA, and Rees, article Circle^) and in the instrument 
latdy pWnned by Professor Playfair, and constructed for the 
British board of longitude. 

763. The Equatorial or Parallactic instrument, has an axis 
permanently fixed in a direction parallel to* that of the heavens ; 
it has three circles, one of which has its plane parallel to the 
horizon ; another is set perpendicular to the axis, and parallel 
to the plane of the equator ; while the third may be made to 
coincide with any given circle of declination. 

The axis of this instrument may be set in the meridian after its equa- 
torial circle has been adjusted to the latitude, by bringing its tele- 
scope to a point on the circle of declination that cqrresponds to the 
declination of a known star, and fixing it there ; the telescope is 
then to be directed to the star by moving the equatorial and hori- 
zontal circles ; when the star b bisected by the horizontal wire of 
the diaphragm, the instrument is properly placed. 

In this position, it may be used to ascertain whether the diurnal rota- 
tion of the heavenly bodies be uniform or not, for if the telescope 
be directed, by moving it around the polar axis, to the successive 
positions of the same body, at known intervals of time 3 if the 
arcs described in equal times be equal, and in unequal times pro- 
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poitioned to the times, it may be inferred that tbe rotation is ani- 
iam ^ and tfak is the constant result of observation. 

rhe uniformity of the diurnal rotation being thus known, the mstra« 
ment may be applied to determine the apparent time. 

The time being known, the telescope may be directed to any heaven- 
ly body whose declination and right ascension are known ; and thus 
with a powerful telescope the stars and planets may be observed in 
the day time. 

When it is wished to follow a heavenly body steadHy, with a telescope, 
it is usual to fix it in the manner of an equatorial, and make it revolve 
upon a polar axis. 

The first e()uatorial instruments to which telescopes were attached^ 
were not subdivided further than to minutes of a degree ; those m<»e 
recently constructed by Ramsden and Troughton, are of such fine 
divisions and minute accuracy as to compare with any otker astro- 
nomical instrument. 

764. Instruments that are adjusted by levels or by plumb 
lines, cannot be employed for nautical purposes, in consequence 
of the incessant motion of the ship. In this case instruments are 
employed in which the reflected image of one object, is made to 
coincide with another viewed directly, by m^ans of a double 
reflection from two mirrors adjusted for the purpose. 

Newton first pointed out the principle on which such instruments might 
be constructed ; they were then constructed in Philadelphia by God- 
frey, and subsequently in London by Dr. Hadley, by whose name 
th^ go. 

765. In Hadley's quadrant, the angle subtended by two objects 
brought into apparent contact is double that of the inclination 
of the planes of the two mirrors by which the reflection is per- 
formed. 

Hadley's quadrant is, for this reason, no more than an eighth of a 
circle. 
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766. This principle has been applied to the comtnictioa of cir- 
cular instruments ; some of these have the property of repeating 
the angles that are observed ; others read it at once. In the 
best instruments 1of the latter kind, there are three indices } a 
number which is found to afford the most perfect compensation^ 

When the principle of repetition is employed, very good instruments 
have been contrived by Borda, by Hassler, and a very neat and por-* 
table one by Captain Sabine. 

767. When a reflecting instrument is used at sea, to mea-* 
sure altitudes, one of the objects is always the visible horizon, 
and the reflected image^ of the other is brought into contact 
with it* The apparent altitude in this case is always greater 
than the complement of the zenith distance, as determined' 
by an instrument adjusted by the plumb line, or the spirit 
level; this arises from the observer's eye being always ele- 
vated above the horizontal plane ; whence it happens that the 
line drawn from the eye to the visible horizon is not upon a 
plane surface parallel to the horizon, but upon the surface of a 
cone whose vertex is in the ej^ of the observer. A correction 
is, therefore, always necessary, the jargument of which is the 
height of the eye ; tables of this correction, i^hich is called the 
Dip of the Horizon, are to be found in all the practical books. 

768. When a reflecting instrument is used upon the land, to 
measure altitudes, the reflected image of the body to, be ob- 
served is -brought into contact with another reflected image seen 
in a mirror that is parallel to the horizon. The angle observed 
in this way is double the apparent altitude. The reflecting 
surface is called an Artificial Horizon. It may be either the 
surface of a mass of mercury that naturally assumes a hori- 
zontal surface, or a plane of glass levelled by a spirit level. 

Such observations are not affected by the dip of the horizon. 

709, Since telescopes have been aflixed to astronomical in- 
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strumeats, it is possible to observe angles with great mionte- 
ness ; and thns divisions of the limbs much smaller than could 
possibly be drawn on them have been rendered necessary. 
Each of the smallest divisions that can be drawn upon an in- 
strument may be subdivided mto a number of parts, by a con- 
trivance that is called the Vernier. Its principle may be illus- 
trated as follows, viz. 

A strip of metal, concentric with the graduated limb, and correspond- 
ing in length to a number of its divisions equal to n — 1, is divided 
into n parts, each of which will be represented by 

n— 1 



n 
The difference between each division of the vernier and one of the 
limb is equal to 

1 

n 

If an instrument be divided to minutes of a degree, and if the vernier 
correspond in length to 59''? 

1. ' 

• * - 

n 
will be 1" ; if then the first mark on the vernier correspond to one 
on the limb, the second will fall I" short of the next division, the 
third 2'',, and so on. 

If the vernier now be attached to the telescope, and when it is direct- 
' ed to an object, the first mark on the vernier does not correspond 
with any divisionM)n the limb ^ the division next behind it will show 
the minutes observed, and the number of the mark of the vernier 
that first coincides with one on the limb will show the additional 
seconds. 

The division of astronomical instruments has of late years been 
brought to great perfection, and the lines are so fine and close, that 
it is necessary to use powerful compound microscopes to read the 
divisions on the limb, and ascertain their coincidence with those of 
the vernier. 



t. 
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770. For measuring the diameters of heavenly bodies, and 
observing the phases of eclipses, Micrometers have been adapt- 
ed to astronomical telescopes ; the cimstniction of several of 
these has been already spoken of, under the head of Optics. 

The value of the divisions of a micrometer are ascertained practi- 
cally, by observing the time'a star situated on the equator takes to 
pass ovjer the whole field of the instrument ; thb is then divided 
into as many equal parts as there are divisions on the micrometer, 
and converted into parts of a great circle of the sphere. 



OF REFRACTION. 

771. If we attempt to determine the latitude of a place ac- 
cording to the principle laid down in ^ 752, we ^all find that no 
two of the circumpolar stars give the same result, but that half the 
sum of the two altitudes, diminishes as the star's polar distance 
increases. The cause of this difference is to be found in atmos- 
pherical refraction. 

The effect of this refi^ction alters the place of an. object only in the 
vertical plane, and does not deflect it to either side. 

772. Refiraction produces no effect on an object situated in 
the zenith, and the error it causes increases as the object ap- 
proaches the horizon. If the law of refraction be investigated 
on the hypothesis of a homogeneous atmosphere, abruptly ter- 
minating at a well defined surface, we shall obtain an expression 
for the value of the half of r (the refraction) of the following 
form : 

Tan ir = AtanN + B tan^ N + C tan« N + &c. 

As this expression depends on the tangents, it may be conceived that 
the hicrease of refraction will be very rapid as the body approaches 
the horizon. Delambre, Vol. I. chap. xiii. 

The existence of refraction was first pointed out by Ptolemy, who ap- 
pears to have had clear ideas in relation to it. 
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Tjrcho Brahe tint attemgiled to ascertaia its quaniky, but his theoiy I 
was less eorrectliian Htoiemy's. Cassini first laid domi an bj'po-l 
thesis whence ihe law could be ascertained. DeiaubbSj Vol. I- \ 

^Bradley and Simpson have also aided ill improving the methods v 
in calculating refraction. 

The formula now in use, was investigated by Laplace ; and by n 
ofit, tables are constructed that are to be found in the several collec-j 



773. The number given in the tables, as cak-ukteil from the 
' formula, is the mean refraction ; hence, as it Is known that the 

refractive power of the air is affected by its density, it ia nec^- j 
sary to tnake corrections, the a. guments for which are the beighU 
of the barometer and thermometer. 

We have seen that the refractive power of the atmosphere is not a^ect- 
ed by the moisture it may happen to contain, therefore iio hygro- 
metrical correction is requisite. Sec ^ 656. 

There are various methods in which die constant quaniitles in diesere*! 
ral formnlae may be ascertained ; tliey are given by Platpair, VoL I 
11. 5 46 and 47, aud by Dclambrb, Vol, I. chap. ; 

774. There are a variety of other effects produced by atmos- 
pherical refraction, among which the following are the most re-4 
loarkable : 

(l) In consequence of the augmeatalion of refraction with tfapii 
^L of the senith distance, the lower limb of the sun will be more elevated  
^KT by it than the upper; for this reason, the apparent figure of his disk J 

IT ^ ^ ^'"' 



is elliptical ; and this is most remarkable when he is near the hoti^ 1 



*(3,) The horizontal semidiameter is also afTected by a small increase, 1 
s from the apparent increase in the convergence o: 
vertical circles towards the xenith. 

(3) The time of rising of the stars is accelerated, and that of thrit J 
setting retarded. The amount of this acceleration may be fonnd.a 
by the formula, 

Vol 11. 1& 
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R R. sin R. cos P 

dP — — h&c. 

cos D, cos H. sin P cos »D. cos *IJ. un «P 

where R is the horizontal refraction^ D the declination, P the hour 
angle of the star, at the moment it would be in the horizon, if not 
affected by refraction, and H the latitude. 

P may be found by this formula, 

cos P == — tan D. tan II 

(4) The refraction abo changes the azimuth of the heavenly body 
when in the horizon. 

(5) When the body is not in the horizon, its azimuth is not changed 
by refraction, but its horary angle and polar distance are both affect- 
ed ; a correction must therefore be made for the error that would 
hence arise. 

(6) The apparent paths of the heavenly bodies are not parallel to the 
celestial equator ; hence, when the wires of a telescope are turned 
till one of them correspond with the apparent course of a star, the 
vertical wire will not be in the plane of an hour circle, and the diA 
ference of the time of two bodies passing over it, will not corres- 
pond with their differences of right ascension; for this reason, in 
determining right ascensions, we avoid observations out of the me- 
ridian as much as possible. Delambre, Vol. 1. chap. xiii. 

775. Atmospherical refraction is also the cause of twilight; 
it thus prolongs the duration of the day, and prevents a total 
darkness from succeeding instantly to a brilliant light at the 
moment of sunset ; the break of day is also gradual from the 
same catise. This last phenomenon is usually styled Dawn, 
but by astronomers the term Twilight is applied to both. 

The relation, among the several circumstances on which the duration 
of twilight depends, is given by the formula, 

sin 2 a 
sini(F«P) = 



2 sin |(P'+P). cos H. cos D 
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where P' is tlie hour angle, and 2 a tlie depression uf the sun, at the I 
beginning or end of twilight j P the hour angle, at the lime of the | 
sun's rising or setting ; H and D as before. 

If, then, the length of twilight be known from observation, the de- ' 
pression of ihe aun below the horizon may be calculated ; and 
when ihe depression is thus found fur a given day, the duration of 
twilight, on any other day, may be obtained. 

By the observations of La Caille, (he depression of the sun, at whi 
twilight be^ns and ends, is from l6° to 17° ; Lemonnier found it^ 
from 17° to 21°; the ancients supposed it to be IS°, which is 
far from the mean. Delambke, Vol. 1. chap. xiii. 



\ 



From what has been said, i 
the longer the duration of 



is evident, that the higher the latitude I 

.ilight. 



The problem of the shortest twilight, has frequently occupied the a 
lention of mathematicians, but it is one of mere curiosity ; seven 
solutions are given by DELAMaKE, in his Arst volume, chap, xitif 
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776. When the eye of the spectator is not situated exactly m 
the axis of diurnal revolution, the apparent places of the hea- 
venly bodies will not coincide with those they would appear to 
occupy, lo a person situated in this axis, except when the same 
straight line passes through the point in the axis, the place 
of the spectator's eye, and the heavenly body, at the same time. 
For this reason, we consider the true place of a heavenly body 
as that in which it would appear when seen from the centre of 
the earth. The difference between the true and the apparent 
place, is called Parallax. 

The relation between the parallax (p), the zenith distance as observed 
le surface of the earth (N), the diameter of the earth (r), 
listance of the body (R), is determined by the formula. 
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When tlie angle at the centre (C) is employed, 



sinC 



R 

tan p = 



r 

1 — casC 

R 

r 
WI|6D« — beeomes evanescent, or when the seniidiameter of the 
R 
earth bears a very small proportion to the distance of the body, the 

parallax becomes insensible. This is true of the stars, ^ose ob- 
served zenith distances, when corrected for refraction, always agree 
with the zenith distances calculated by spherical trigonometry. 

When the zenith distance is 90°, 

r 
sin p = — 

R 

• 

and is a maximum ; the parallax is therefore greatest when the body 
is in the horizon, and lessens both as the body descends beneath 
and rises above the horizon ; in this last respect, it differs from re- 
fraction. 

T77. The change effected by parallax, is in the altitude and 
not in the azimuth of the body ; and it changes, at the same 
time, the polar distance and the hour angle. 

For the methods of calculating these several effects of paraUax, see 
Delambre, Vol. I. chap. xv. 

Parallax tends to depress the bodies that are affected by it ; in which 
respect, ako, it acts in opposition to refraction. 

778. The apparent longitude and latitude of the heavenly 
bodies, is also afiected by parallax ; this is most apparent in 
the moon, and it is of great importance to determine the qaan- 
Uty of each effect in solar and lunar eclipses, and in occulta- 
tions of the fixed stars. The method most in use for this pur- 
pose, is styled that of the Nonagesimal. 
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The iioiuige«iiiial is t)uit pmnt of the ecliptic which is 90^ diitont 
fram the horison; its altitude and longitude may be determined by 
the fonnula, 

sin «r. tan H 

tanNsscoB". tanMH 

cos M 

cos M. cos H 

sin h =g 

cosN 

When N is the longitude and h the altitude of the nonagenmal, • the 
obliquity of the ecliptic, H the latitude^ and M the r^ht ascension 
of the point of the equator that is, at the time for wUck tiie calcu- 
lation 18 made, upon the meridian. 

The parallax in longitude may then be calculated by the formula, 

sin jp sin A sin L— N sin p sin A * sin L— N 

sin n =r ( ) ( ) + ( ) ( )+&c 

^ sind ^^ linl" ^ ^ sm d ^ ^ sin2" ^ 

In this,|> is the horizontal parallax, cf the polar distance, L the longi- 
tude of the heavenly body. 

Lastly. The parallax in latitude may be calculated by the formula, 

tan A. cos (L -- N + J P) 
tanx=: —-—-——— 

cos^P 

sin p cos A sin (A— a;) sinpcosA sin2(A— «) 

^ = ( ) ( ) + ( ) ( ) + &c. 

^ cos a; ^^ sinl" ^ ^ cosx ^ ^ sin 2" ^ 

Delambre, Vol. I. chap. xv. 

779. There are various methods of determining the horizon- 
tal parallax of the heavenly bodies ; among which, may be 
enumerated the following, viz. 

(1) The altitude of the body may be observed when in the meridian, 
and this, when corrected for refraction, may be taken for its true 
altitude. The altitude is again to be observed when near the hori- 
zon, and again corrected for refraction. The altitude, when on the 
meridian, taken as the true one, will, with the interval of time be- 
tween the observations and the latitude of the place^ furnish data for 






% 



a 
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cakulatiiig what the other altitude should be ; the difference between 
this and that observed, after being corrected for refraction, maybe 
taken as the parallax in altitude \ from this an approximate hori- 
zontal parallax may be found, for 

sin|> 

sin w=s— — — 



sm (n + p) 



wherep is the parallax in altitude, and n + I' the observed zenith 
distance^ 

(2) The difference between the times at which the body and a star 
pass the meridian, may be observed for several successive days. In 
this way, the relative motion of the two will be known, and the 
right ascension of the body may be determined for any instant of 
time. From this the true hour angle may be calculated ; and if the 
apparent hoar angle be observed by means of an equatorial, the 

, difference wOl give the horary parallax, whence the parallax in alti- 
tude is easily found. In this way Cassini and La Caille obsierved 
the parallax of Mars. Delambre, Vol. I. chap. xv. 

(3) Two observers, under the same meridian, but at a great distance 
from each other, may observe the zenith distances of the same 
body on the same day, at the time of its meridian transit; they 
can from thence determine its horizontal parallax. See Playfaie, 
VoLBL §76. 

This method was employed by La Caille, who observed at the Cape 
of Good Hope, and La Lande, who observed at Berlin, to deter- 
mine the parallax of the moon. 

(4) The same may be done by comparing the position of the heavenly 
body with that of a fixed star at the time of its passing the meridian, 
and observing this at two places situated in the same manner as 
pointed out n (3.) In tiuii manner the parallax of Mars was deter- 
mined from observations of La Caxlue^ at the Cape H>f Good 
Hope, and Wargentein, at Stockholm. Playfair, Vol. H. § 77. 

780. From the horizontal parallax of a heavenly body its 
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distance may be at once known in terms of the semidiameter 
of the Earth, for 



R=r 



smp 



OF THE FIXED STARS. 

781. The relative positions of the Fixed Stars may be de- 
termined by observing their zenith distances at the moment of 
their passing the meridian, (correcting this for refraction,) and 
the times at which they perform this passage. If the latitude! 
be known, the first observation will give data for calculating 
the Declination. The last will give the difierence in the right 
ascensions of the several stars that are observed. 

T^he passage over the meridian is observed by means of the Transit 
Instrument, and the time noted by the clock ; the zenith distance 
by a Mural Quadrant or Circle. For the method of using these 
instruments for this purpose, see Delambre, Vol. I. chap. xvi. 

In this way catalogues have been formed of the fixed stars, in which 
their position is determined with great precision. Catalogues were 
also formed by the ancient astronomers, in which the places were 
less accurately determined, in consequence of the imperfection of 
their methods and instruments. 

Hipparchus (about 130 A. C.) was the first who attempted to make a 
catalogue of the stars. It appears to have formed the basis of that 
of Ptolemy, which is still extant. The latter contains 1022 stars. 

Ptolemy is suspected of having done little more than reduce the places 
observed by Hipparchus to those which he supposed the stars ought 
to have, in conformity with the variation in their positions due to 
the Precession of the Eqiunoxes \ a variation suspected by Hippar* 
chus, and whose existence was rendered evident by Ptolemy. 

There is a work of Eratosthenes on this subject, but it does not merit 
to be ranked among the catalogues of stars. 
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Ukg Begy a Tartarian Prmoe, constnicted a catalogue for the year 
1487 \ the Prince of Hesse formed one in 1594 ; and Tycho Brahe 
in 1601. 

Hevelius gives the places of 1888 stars, for the year l66l. 

Flamstead was the first astronomer who observed the right ascension 
and declination ^of the stars by means of the clock, transit, and 
mural quadrant. Previous to his time, the difference between the 
right ascension of the stars, and that of the sun, on the day of ob- 
servation, was determined by the intervention of some one of the 
planets that are visible while the sun i^yet above the horizon. The 
catalogue of Flamstead contains 2884 stars, and was published in 
1725. Our knowledge of the positions of the stars, hat been suc- 
cessively improved by Zanotti, Lemounieri La CaiUe, Mayer, Bradr 
ley, Maskelyne, Delambre, and Piazzi. 

Flamstead ak» published a celestial atlas, which for a long time was 
the only one used by astronomers. It has of late been superseded 
by that of Bode, published at Berlin, in 1801. 

The positions of 36 stars were observed with great accnracy by Brad- 
ley and Maskelyne, and their observations have been correded by 
their successor, Mr. Pond ; the catalogue of these, published in the 
Nautical Almanac, is sufficient for most of the purposes of astro- 
nomers. 

782. The stars are considered by astronomers as arranged 
in certain groups, called ConsteUatiom ; these derive their 
name from their supposed resemblance to certain figures ; the 
origin and meaning of most of them have been lost in the re- 
mote antiquity whence they are derived. The ancients had 48 
constellations ; to these, Hevelius added 12 ; Halley, 8 in the 
southern hemisphere; Bayer, 12 5 and La Caille, 16. Other 
astronomers have given us 12 more. See Delambre, Vol. I. 
chap. XVI. 

The ecliptic passes through twelve of the old constellations, whose 
names and symbols are as follows : 
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Aries, Taurus, Gemini, Cancer, Leo, Virgo, Libra, Scorpio, Sagittariu8| 
Vf m H 

Capricomus, Aquarius, Pisces. 

Their names and order may be readily recollected by means of their 
Latin distich. 

Sunt Aries, Taurus^ Gemini j Cancer y Leo, VirgOy 
Libraque, Scorpius, Arcitenens, Caper, Amphora, Pisces. 

783. When the positions of the stars, determined at distant in- 
tervals of time, are compared with each other, certain changeS| 
both in their right ascension and polar distance, will be ob- 
served. 

The cause and law of tliis change will be mentioned hereafter. 

For this reason catalogues of the fixed stars give the place only for a sin- 
gle year, and are always accompanied by a statement of the annual 
variation ; by means of this, the mean place may be calculated for 
any epoch whatsoever. 

784. Many of the stars that appear single when viewed with 
the naked eye, seem double when seen through the telescope ; 
and others again appear as groupes of three or more stars, very 
near to each other. Herschell has observed nearly seven hun- 
dred of these. Ifr. South, of London, is engaged in examining 
them, and recording their present appearance for the benefit of 
future astronomers. See Quarterly Journal, Vols. XIIL and 
XIV. 

785. There are some stars mentioned by the ancient astrono- 
mers, that are now invisible ; and others now visible that were 
unknown to them ; there are also a few stars whose brightness va- 
ries ; and in some this appears to be periodical. Platfaib, 
Vol. U. 

786. Besides the change in right ascension and declination, 

that has akeady been mentioned, the stars appear to have a pro- 
Vol. IT. 10 
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per, but very slow motion ; this lias been fully proved in the 
case of Sirius, and is rendered very probable in relation to seve- 
ral others. Playfair. 

787. In many parts of the heavens, masses of a faint white 
light are to be seen ; these, when examined by a telescope of great 
power, are found to be composed, each, of a number of stars ; 
the most remarkable of them, is tlie milky-way. Playfair. 



OF THE APPARENT PATH OF THE SUN. 

788. When an observer is furnished with a catalogue of the 
fixed stars, he has it in his power to ascertain the rate of his 
clock, daily ; and the transit of the sun over the meridian, will 
give him the right ascension, as compared with some known 
star. To determine the place of the sun, the declination must 
likewise be observed ; this is done by means of the Mural Instru- 
ment, as in the case of the stars. 

The Meridian Zenith distance of the Sun, will^ in tliis way, be found to 
decrease continually from the winter to the summer solstice, and 
vice versa. If the law of this decrease, and of the increase, be ob- 
served, it will be found that the place of the sun is always in the 
same plane ; and consequently that his apparent path, is truly a great 
circle of the sphere. The inclination of this great circle to the equap 
tor, is called the Obliquity of the Ecliptic. It was observed by Hip- 
parchus, to be 23° 51' it is now 23^ 27' 50''. It is consequently 
slowly decreasing. 

789. The daily motion of the sun in declination, is found, from 
observation, to be greatest near the time of the Equinox ; and 
least near that of the solstices. The daily motion in right as- 
cension, is greatest about the time of the winter solstice ; and 
least near that of the summer solstice. No error, however, 
will arise from considering both these motions as uniform for a 
single day. If the diameter of the sun be measured daily, a 

change will be observed in \l iVvaV ^^^fivct^ \.o \i^ c^wwected with 
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the change of the rate of his daily motion in right ascension ; 
the diameter is greatest at the time when this motion is the 
most rapid, and least when the motion is slowest; this difference 
in the apparent diameter of the sun, is found to be about ^V P^^^ 
of the whole. Delambre, VoL I. chap. xvix. 

790. On the supposition that the motion, both in right ascen- 
sion and in declination, is uniform for a single day, the true po- 
sition of the Equinoctial points may be determined by calcula- 
tion from pairs of observations ; the two separate ones of each 
set being taken at equal intervals on each side of the day in 
which the sun is nearest to the equator. , 

The position of this point being determined, the absolute right ascen- 
sion of the stars may be found. See Delambre, Vol. 11. chap. 

XXI. 

791. The equinoctial points thus determined are not found 
to remain in the same place in the equator. Hipparchus de- 
tected a motion in them, and his observation was confirmcfd by 
Ptolemy ; this motion is in a direction contrary to the order of 
the signs, or retrograde ; hence, as the sun reaches the equinox 
in each year before he has made a full revolution in the heavens, 
the motion has been called the Precession of the Equinoxes. 

This Precession of the Equinoxes causes no change in the latitudes of 
the heavenly bodies ; but it is attended with a change in their longi- 
tude at the rate of 50'' per annum. It is to this change in longitude 
that the changes in the declination and right ascension of the fixed 
stars is to be attributed. 

This motion is the same with one that would be produced by a rota- 
ry movement of the pole of the axis of the Earth around the 
pole of the ecliptic, whose period is 25,869 years. Delahbbs. 

792. Those astronomers, with Ptolemy at their head, who 
hold that the Earth is absolutely at rest in the centre of the uni- 
verse, are compelled to imagine the existence of two concen- 
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trie spherical shells, one of which revolves, carrying with it 
the fixed stars, and makes them appear to revolve with it 
around the Earth in the space of twesty^finir hours, while the 
other revolves but once in the great length of time above men- 
tioned. Modern astronomers, on the other hand, suppose that 
the apparent phenomena of diurnal rotation are caused by the 
motion of the Earth around its axis. 

793. The idea of the rotary motion of the Earth is by no 
means inconsistent with the facts deduced from observation ; it 
may be also inferred from analogy, and draws further confirma- 
tion from the explanation itself affords of other phenomena. 

(1) The apparent motion of a body in any direction may arise either 
from its own motion, or from an insensible motion of the spectator 
in an opposite direction ; as is frequently the case with objects on 
the land, when seen from a vessel in rapid motion. 

When a system of bodies is acted upon by a great number of equal and 
parallel forces, the relative motions of the bodies that compose the 
system is not affected by their joint action. See § 128. 

(2) By observations with the telescope, it appears that the. greater part 
of the planets which compose the solar system revolve upon thdr 
axes ; those where this rule has not been found good, are placed in 
such circumstances as would prevent our determining whether they 
revolve or not. Tt would from this be a fair inference, according to 
the Newtonian rules for philosophizing, that the Earth revolves 
also. 

(3) The intensity of gravity decreases as we pass from the equator 
towards the pole. This decrease is found to follow the same law 
that would arise from the rotation of the Earth. See § 204. 

The surface of the Earth appears, from the portions of meridians that 
have been measured, to be a spheroid, flattened at the poles, which 
b the very figure it ought to assume under the action of a centrifu- 
gal fbtce caused by a movement of rotation. See ^ 206. 

The reality of the diurnal revolution c^ the heavens is liable to an ob- 
jection, because it supposes a common circular motion to be com- 
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mon to a great number of bodies far distant and entirely detached 
from each other ; and this motion would in that case be performed 
by some of them with A Tdodty much greater than even that of 
the rays of light. 

From these several modes of reasoning, mutually confirming each 
other, it may be considered as well established and fully proved, 
that the theory of the modem astronomers of the rotation of the 
earth is correct. 

The precession of the equinoxes shows, that the pole of the earth is 
not constantly directed towards the same point in the heavens, but 
that it is slowly moving around the pole of the ecliptic on the sur- 
face of a Gone, the semidiameter of whose base is equal to the obli- 
quity of the ecliptic. 

794. The time of the equinox, and the position of the equi- 
noctial points, being determined by the method to which we 
have referred, for' a given year, a repetition of similar obser- 
vations and calculations on the succeeding year, will give the 
length of the year. To render this determination less liable to 
error, it is usual to compare together observations fifty or one 
hundred years apart. The result of a considerable number of 
comparisons, gives 365 days, 5 hours, 48 minutes, 51 seconds, 
for the length of the year, reckoned from equinox to equinox. 

The ancients employed observations of the solstice for the same pur- 
pose ; but the instant of the solstice is much less easy to observe 
and compute than that of the equinox, on which account, all mo- 
dem astronomers have employed the method of the equinoxes. 

From the above data, the mean motion of the sun would appear to be 
69' 8", 33 per day. 

795. The son's motion in right ascension, is not at this mean 
rate ; but, as has already bem remarked, is most rapid a little 
after the winter solstice, and least so a little after the summer 
solstice. Observing the solstices and equinoxes of the same 
year, the intervals will appear to be as follows : 
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days, hours, nun. 
From the vernal equinox to the summer solstice, 92 . 21 36 
From the summer solstice to the autumnal equinox, 93 . 13 44 
From the autumnal equinox to the winter solstice, 89 16 56 
From the winter sobtice to the vernal equinox, 89 1 3S 

Delambre, Vol. XXn. chap. xxi. 

The sun is, therefore, 7 1 days longer in the northern half of tbe 
ecliptic than in the southern. Tlie mere difference in the circum- 
stances of motion in the equator and in the ecliptic, is not sufficient 
to explain this great inequality. 

The ancients, who believed that all the motions of the heavenly bo- 
dies must be performed in circles, attempted to account for this in- 
equality of motion, by supposing, that the earth was not situated in 
the centre of the circle described by the sun, but in an eccentric 
point. See Delamb&e, Vol. II. chap. xxi. 

The instruments of the ancients were rude, and not capable of mea- 
suring angles to a greater nicety than 1 minute ; this hypothesis 
had, in consequence, much of the appearance of truth, as errors 
could not be detected by their means of observation. 

The ancients had another hypothesis to explain the appearances. 
They supposed the earth to be placed in the centre of the ecliptic, 
but that the sun moved in a small circle, that they called an Eptcy- 
cle; that he made, every year, a complete revolution in this circle, 
in a retrograde direction, while its centre performed a direct revolu- 
tion around the circumference of the greater circle, which was call- 
ed the Deferent. This system is called the Ptolemaic. 

When astronomic instruments were brought to a greater degree of 
perfection, it was found that the difference between the true and 
mean place of the sun, calculated according to this hypothesis, was 
sometimes twice as great as it should be. 

It being manifest, that the apparent orbit of the sun is a re-entering 
curve, Kepler was induced to substitute the ellipsis, the next curve 
in simplicity to the circle, for that figure. He then discovered, from 
a careful collation of the observations of Tycho Brahe, the three 
laws that go by his name, and that are found to be immediate 46^ , 
ductions from the principle of universal gravitation, discovered by '^ 
Newton. See ^ 203. 
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That point of the elliptical orbit of the sun, which is nearest the earthy 
is called the Perigee ; that which is most remote, the Apogee. The 
line which joins these p€Mnt8| is called the line of the Ap8ide9> 

796. The direct investigation of the place that would be oc- 
cupied at any time by a body moving in an elliptic orbit, ac- 
cording to the laws of Kepler, woald be difficult. It b ren- 
dered easy by a problem invented by him, and that still goes by 
his name. A fictitious sun is supposed to move uniformly in 
the equator ; its angular distance, at any given time, from the 
apogee, is called its Mean Anomaly ; the apparent angular dis- 
tance of the sun, at the same time, from the apogee, is styled 
the True Anomaly. The angular distance of the sun from the 
apogee, as seen from the centre of the ellipse, is called the Ec- 
centric Anomaly. 

If a; be the Eccentric Anomaly, e the Eccentricity of the Elliptical Or- 
bit, and z the Mean Anomaly, 

z =z X + e sin X 

From this fundamental equation, a variety of others, that enable us to 
solve the problem of Kepler, have been deduced ; they may be seen 
in D£LAMBRE, Vol. II. chap. xxi. 

By means of these the Equation of the Centre, or difference between 
the true and mean anomalies, is calculated, and arranged in the form 
of tables. 

797. Long continued observations, show us that the sun's 
apogee is not a fixed point, but has a motion in the order of 
the signs of W or \2" per annum; and as the equinoctial 
points fajl back 50^' yearly, the distance of the apogee from 
the equii^iox increases at the rate of 62^\ 

For the methods of observing the place of the apogee, and the eccen- 
tricity of the apparent orbit of the sun, see Delambre, Vol. II. 
chap. XXI. 

The line of the apsides thus continually moving round, must at one 
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period have connected with the line of the equinoxes. It will ap- 
pear from calculation that this must have happened about 4000 
years before the Christian eera^ the very period fixed by Moses as 
the time of the creation. 

798. By a comparison of distant observations, it would ap- 
pear that the equation of the centre, and with it the eccentri- 
city of the sun's orbit, are constantly diminishing. 

The rate of diminution is about 18'', 79 per century. 
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OF THE SYSTEMS OF THE UNIVERSE. 

799. The Ptolemaic System, which was long held by astro- 
nomers, supposed the Earth to be immovable and fixed in the 
centre of the universe, and that all the heavenly bodies moved 
around it. We have already seen that the phenomena of the 
diurnal revolution may be as well explained by supposiiig the 
Earth to revolve daily on its axis ; we shall now find that the 
assumption of the Earth's moving around the sun in the course 
of a year, is equally consistent with the appearances presented 
by the sun himself, and that it is, for a variety of reasons, the 
most rational. This theory is also the only one that is consist- 
ent with the principle of univeral gravitation, and capable of 
explaining fully the phases and motions of the planets. The 
system which conceives the sun to be placed in the centre, and 
the planets, including the Earth, to revolve around him, was, 
in modem times, first proposed by Copernicus. 

(1) The Earth turning upon its axis m the space of 24 hours, will 
present its two hemispheres to the sun in succession : one half will 
be always illuminated ; the other will remain in darkness ; and day 
and night will succeed each other with regularity. The Earth re- 
volving in an elliptic orbit around the sun in about 365 j- dajrs, and 
its poles being inclined to that orbit, the seasons will succeed in the 
order in which they are found to occur. 

'2) The attraction of the sun is a sufficient reason for the Earth's 
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contiauing to describe a re-entering circular orbit, and the 
traction will account for the precession of the equinones. Both 
iheHe plienomena would be unaccounted far on the Ptotemaic hypo- 
thesis. The hurisontal pnrallaii of the sun \a less Ihan 9" ; hi» 
magnitude, deduced Irom this, is at least a million of times as niucb 
IS that of the earth. It would, even at the first glance, appear ex- 
traordinary, that so small a body should have so large a one revolv- 
LUid it ; but when we apply the principle of the atti'action 
of gravitation, we see that the thing is impossible. 

mTS] An objection has been raised to the Copernicaii system, tliat the 
pole of the Earth continually points to the some part of the hea- 
vens, notwithstanding the great distance between the opposite 
points of the Earth's orbit ; this objection fails when we consider 
nensc distance of the fixed stars ; and although al one time 
, forcibly urged, it bus long been abandoned. 

I (4) The planets have a motion similar to that ascribed by tlie Coper- 
nican system to the Earth. One of them, Venus, is but little less 
then the Earth; this planet revolves on its axis, and it 

9 orbit is more rapid than that which the Earth would have ; this 
orbit evidently includes the sun within it; and should the sun 
voire around the Earth, Venus must be affected by his motion. 

(5) Extending the principle of gravitation tliroughout the solar sys- 
tem, and adopting the theory of Copernicus, with the addition of 
the elliptic orbits of Kepler, we find every deduction from the prin- 
ciple fuUy conflrmed by the phenomena. 

Conceiving the sun to be in the centre of the system, that point in the 
elliptic orbit of a planet which is nearest to him is called the Peri- 
helion, and that which is most distant the Aphelion. 
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KINDS Of tihe. 



800. It has been stated {^ 756) that clocks are ta be regu- 
lated by the passage of the fixed stars over the merid^j thi* 
species of time is called sidereal ; aud a sidereal day Js t 
time that elapses between two passages of the sarae star. 

Vol. n. 20 
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The sidereal day b divided into 24 hours. 

801, In consequence of the apparent motion of the sun in 
the ecliptic, he does not return to the meridian in 24 hours of 
sidereal time ; but describing, at a mean rate, an arc of 59' 
8'^ 33 more than the circumference of a circle, is 24 hrs. 3' 
56^' 33'^' 32, of sidereal time, in reaching that vertical circle. 

The mean solar day is therefore equal to 24 hrs. 3' 56'' 33"' 32, of 
sidereal time^ it is usual to divide it also into 24 hours. The pen- 
dulum of a clock beating sidereal time must therefore be lengthen- 
ed, if it be wished to regulate it to mean solar time. 

In observadons where the sun is concerned, mean solar time is to be 
reckoned, but where the stars are to be made use of, sidereal time is 
to be employed. To facilitate the reduction of one of these to the 
other, tables have been constructed. The basis of these is to be 
found i|i the following equations : 

One hour of Sidereal time corresponds with a motion of 15^ in the 
Celestial Sphere ; 

An hour of mean time is equal to a motion in the same sphere of 15^ 
W 27", 852 J 

One minute of mean time corresponds with a motion of 15' 02'', 
4642 5 

One second of mean time, with a motion of 15", 04107 y 

And if m represent the mean, and s the sidereal time, 

m = « (1 — 0.0027379097) + (0.002738) ^ — &c. 

= « — 0.0027304355 

if « = 1 hr. of sidereal time 

»i == 1 hr. — 9", 82920 

802. The mean time is that which would correspond with 
the motion of the sun, did he appear to move uniformly in the' 
equator ; it differs from apparent time for several reasons : 

• (l) The apparent motion of the sun, is not in the equator, but in the 
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ecliptic ; the mean and apparent place, would, therefore, did. no 
other cause of difference exist, agree on no other days than those 
of the equinoxes and solstices. 

(2) The sun does not appear to describe equal arcs of the ecliptic in 
equal times, but moves in an ellipse, where the radius erector de- 
scribes equal spaces in equal times. 

(3) This motion is afiected by perturbations ^sing from the attrac- 
tion of the other primary planets belon^ng to the solar system i and, 

(4) It is affected by the position of the moon. 

The value 'of these four elements has been investigated, and tables of 
the difference between true and mean time arising from them, have 
been calculated ; they are published annually in the Nautical Alma- 
nac, and in the Connaissances du Terns. This difference is called 
the Equation of Time ; it is sometimes additive, and sometimes 
subtractive ; according as the true motion of the sun exceeds or falls 
short of the mean. Delambre, Vol. II, chap, xxiii. 

The largest equation of time is about 16 minutes; and we therefore 
find, that the mean sun sometimes passes the meridian l6 minutes 
sooner than the true sun ; while, at other times, it passes 13' 37" 
later. 

The equation may vary 30" between one day and that which follows 
it5 this affects the length of the day ; about the 23d of March, the 
true day is 18", 6 shorter than the mean day ; on the 15th of May, 
the true and mean days are equal ; on the 23d of June, the true day 
is longer by 13"; on the 27th of July, the days are again equal; 
on the 17th of September, the true day is too short by 21" ; on the 
3d of November, equality takes for the thu-dtime; after which, the 
true day exceeds the mean day until on the 23d of December, and is 
30" longer than the mean ; on the 12th of February, the true and 
mean day are equal for the fourth time. 

These inequalities are such as exactly to counterbalance each oth^; 
so that the length of the year is the same as if they did not exist, 
Delambbe, 

803. The intervals between the passages of the other planets 
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ov^ th^ iQiridiBQ, differ firom the sidereal day for the same rea- 
lOD that the solar day does. Each planet will, however, pass 
the meridian later than tUe return of the sidereal day by a quan- 
tity that depends upon the rate of its own apparent motion. 
See DiBLAMBREi Vol. IL chap, xxiii. 

804. The length of the year is determined by comparing two 
equinoxes observed at long intervals of time, or by the mean 
motioA of the sun for 100 Julian years. The last method is 
conridered by Delambre as the best. In this way be has ascer- 
tained the length of the year to be about 365 days, 5 hours, 
48 minutes, 51 seconds. This period of time, determined by 
the return of the sun to the equinox, is styled the Tropical 
YwTi because the ancients made their observations at the sol- 
stices when the sun is in one of the tropics. 

805. In consequence of the retrocession of the equinoctial 
points, the sun has no more than 359^ 59^ 09.'', 9 of the eclip- 
tic to pa^s over, before he reaches the equinox. The tropical 
year is, therefore, shorter than the sidereal year. The differ- 
ence is 20', 19", 9, and the sidereal year is 365 days, 6 hours, 
9', 11", 5. 

806. There is another division of time, called the Anoma- 
listic year. In this, the sun returns to the same anomaly or 
point in his movable orbit. This period is still longer than 
the sidereal year, being 365 days, 6 hours, 13', 58", 8. 

807. There are other periods of time, called Synodical 
years ; these bring the several planets back to a conjunctian 
with the sun. The tropical and synodical years coincide in the 
case of the earth ; in the case of the other planets, the length 
of the syqodical year depends upon the length of their own 
tropical year, compared with that of the earth. 
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OF TU£ MOON. 

I 4 

808. The phenomena presented by the Moon are, after those 
of the SqU| the most interesting. By observations of its tran- 
sits over the meridian, and taking simultaneous distances from 
the zenith, the rate of the moon's motion, and the obliqnily of 
its orbit, may be deduced. It will be found, that the lunar is 
more than 45' longer than the sidereal day, that the declination 
changes with great rapidity, and that the form under which the 
moon appears is continually altering. 

809. While the sun constantly presents to us a well defined 
circular disk, the moon has that form for but a few hours ; and 
in the space of 29 or 30 days, that it takes her to revolve 
around the earth, she presents herself under every possible va- 
riety of shape, from a circular disk to one that is not at all illu- 
minated. 

■* ■'■ w 
• V 

This phenomenon, which U so very obvious, furnished, 'at a very early 
period, a mode of estimating time ; from this, our months are bor- 
rowed, although they no longer correspond with the lunar period. 

The several different appearances that the Moon assumes, are called 
her phases. 

I 

810. Every month the Moon is lost to our view for the space 
of about two days ; after this, she is seen in the evening, a little 
after sunset, of the form of a slender crescent, whose convexity 
is turned towards the sun ; . the V9fo points or horns of this cres- 
cent are equidistant from the sun, and a great circle of the 
sphere, perpendicular to the diameter that joins the boms, will 
pass through the sun'$ centre ; at this period the moon sets a 
short time after the sun. 

The outer circumference of the crescent is semicirealar ; the interior 
a semi-ellipse of but little eccentricity. 

»  
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811. The luminous crescent observed on the next dnd suc- 
ceeding nights, will be found to augment gradually in magni- 
tude. The interior curve flattens, and the time of setting be- 
comes later. About the seventh day, the enlightened portion 
becomes a semicircle, the line which joins the horns being the 
boundary of the illuminated part of the disk. At this time, 
the moon is said to be in Dichotomy ; this period is also called 
the first quarter. 

813. After the eighth day the boundary of the enlightened 
^Bik becomes again elliptical, but its convexity is now turned 
from the sun ; the luminous part increases daily in magnitude ; 
the moon is later in passing over the meridian, and enlightens 
a considerable portion of the night. 

When of this figure^ the moon is said to be Gibbous, 

813. About the fourteenth or fifteenth day, the moon appears 
completely round ; she is now said to be FuU ; she rises not far 
from the dme of sunset, and passes the meridian at midnight. . 

814. On the succeeding day, the moon is again slightly gib- 
bous ; the illuminated portion of the disk is lessened ; it conti- 
nues to diecrease until the twenty-second day, when the moon is 
again in dichotomy, which period is called the last quarter. At 
this time the moon does not rise until long after the sun. 

815. After the last quarter, the moon assumes the figure of a 
crescent ; this decreases from day to day, the moon approaches 
nearer and nearer to the sun, ubtil she precedes him but a short 
time in his appearance above the eastern horizon; finally, Ibe 
moon disappears, and is lost to our sight for two or three days, 
and after this the same set of appearances again recur. 

The middle of the interval between the disappearance and re-appear- 
ance of the moon, is called the New Moon. 
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816. At the time of full moon, although the whole disk of 
the moon is enlightened, every part of it does not appeal of 
equal brilliancy. Some points upon it are much more brilbant 
than the rest, and others much less so. The last have been sup- 
posed to be seas, but when viewed by a telescope, they are not 
found to have a uniform surface, but round cavities are to be 
perceived, and these are, in this phase, illuminated to the bot« 
tom. 

817. Before the first, and previous to the last quarter, the 
brighter parts are found to cast a deep shadow, showing an ele- 
vation above the common level ; these shadows decrease up to 
the time of full moon, when they disappear ; after this, they 
again appear, and increase until the moon is no longer visible. 

818; Throughout the whole course of the revolution of the 
moon, the enlightened part is nearest, and the dark part far- 
thest, from the sun. And if the spots have been noticed with 
care at the time of full moon, so that they may again be recog- 
nised, it will be found that they remain in the same position 
throughout the lunation*; in observing this, we draw our infe- 
rence not only from the enlightened portion of the disk, but 
from that which is dark ; for it is seldom so much obscured but 
that it may be seen through a telescope. 

From these two facts it may be inferred that the moon constantly pre- 
sents the same face to the Earth, and that she has no light of her 
own, but shines by that which she borrows. 

It would also appear that the moon is not a simple circular disk, but a 
body of a globular figure, one hemisphere of which is constantly en- 
lightened, but which enlightened part is not always directed to- 
wards us. 

The elliptic curve that bounds the enlightened part of the moon, is a 

great circle of this sphere, and this form is that into which it ought 

to be projected ; the lunar phases being exactly such as would be 

* exhibited by a globe at a very great distance fixno us, and whose 



160 Outlines of Natural Philosophy. 

entigbtened face is turned in succession at every possible an^e of 
obliquity. 

819. If we search for the source whence the moon derives 
the light by whose reflection she becomes Inimnous, we can find 
none other, that b adequate to produce this effect, but the sun. 
That this light is derived from the sun, may be fully shown by 
an examination of the phases. When , the moon is full, she 
passes the meridian at midnight ; she is therefore in a part of 
the heavens directly opposite to that occupied by the sun, and 
will be seen by a spectator on the Earth in the same way as she 
would be seen by a spectator in the sun, towards which her illu- 
minated hemisphere would be constantly turned, were he the 
source of the light. Dichotomy is found to take place, not 
when the moon has described one fourth part of her orbit from 
the new or full moon, but when a line that joins the centres of 
the Earth and moon is perpendicular to that which joins the 
centres of the sun and moon. All the other phases are found 
to comport exactly with the relative positions of the three bo- 
dies. See Delambre, Vol. U. chap, xxiii. 

The occurrence of the phenomenon of Dichotomy furnishes a rude 
manner of determining the comparative distance of the sun add 
-moon from the Earth. 

In this way, Aristarchus of Samos found that the sun was more than 
1 8, and less than 20 times as far from us as the moon. Delambhk. 

820. The Earth, as seen from the moon, must also present 
phases ; the breadth of these is always the complement of 
the corresponding phase of the nioofh. The Earth will conse- 
quently transmit a reflected light to the moon ; and it appears 
to be owing to this that the dark portion of the disk never dis- 
appears entirely. 

821. If the diameter of the moon be measured from tkte to 
time,^ it will be found to vary ia the same manner as tba« e# the 
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son ; but the difference in its greatest and least diameters is 
greater in proportion than in the case of the sun. 

The greatest apparent angle subtended by the diameter of the moon, 
is 33' 30" 5 the least 29' 20". We might therefore anticipate the 
discovery of greater inequalities in the motion of the moon than in 
that of the sun. 

The observed diameter of the sun gives 0.0168 for the eccentricity of 
the Earth's orbit ; the moon's orbit has, from similar observations, 
an eccentricity of 0.0635. Delambre. 

From this eccentricity, the equation of the centre may be deduced; it 
may be as great as 7^« Delambbe. 

822. The apogee of the moon is not fixed, but is found to 
make a complete revolution of the heavens in about 9 years, 
or rather, in 3231 days 8 hours 34^ SV. Delambre. 

# 

823. The longitude of the moon, calculated according to 
the laws of elliptic motion, does not agree exactly with the true 
place, but requires a number of corrections ; one of these consists 
in adding an ^c, that is proportioned to the sine of twice the an-* 
gular distance of the body from the sun, minus the mean anomaly. 

This inequality is called the Evection, and' was first discovered by 
Ptolemy. It appears as if it were an inequality in the equation of 
the centre, arising from an increase of the eccentricity at the quad- 
ratures, and a diminution of it at the syzigies. Playfair. 

824. There is another irregularity in the moon's motion that 
vanishes at the quadrature and syzigies, and is greatest in the 
middle, between them. This irregularity in the angular dis- 
tance is called the Moon'si Variation. Plate air, ^130. 

825. The angular motion of the moon is subject to a third 
irregularity ; by this it is diminished when the sun approaches 
the perigee. 

Vol. II. * 21 
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This is called the Annual Equation : it depends on the time of the 
year, and the mean anomaly of the sun. Tycho Brahe aj^pears to 
have been acquainted with this inequality. 

These are the only inequalities that were discovered by observation 
alone, and known to exist before the establishment of the Theory of 
Gravitation. This theory not only explains the cause of these ir- 
r^ularities, but has enabled us to distinguish many more whose 
unit^ effect was perceived, although their separate action, and the 
late they severally follow, were not known. 

826. From a comparison of the earliest observations with 
those of modern times, an Atceleration may be perceived, by 
which her velocity appears to be subject to a continual increase, 
and her period in time to constant diminution. This irregolarity 
has been found by Laplace to be a secular equation, depending 
on a change in the eccentricity of the Eartii's orbit ; tfa^ moon 
does not cease to be accelerated for several thousand years ; 
but after the expiration of this long period, it will be retarded 
again. 

827. It was from the moon that the first proof of the priaei- 
ple of universal gravitation was derived. The distaoce &[ the 
moon from the Earth is 



sin 57^ 



and the efiect of gravitation at the distance of the moon would 
be 0.000692. The actual fall of the moon from a tangent to 
her orbit is Very nearly the same } therefore the moon is attract- 
ed towards the Earth, as if it were a gravitating bo4y* A com- 
parison of this effect with that of the sun on the Earth and 
moon, furnishes the experimentum crucis by which the truth of 
the Newtonian theory can be folly tested. Dklambre. 

828. The orbit of the moon is inclined to the ecl]|Aic sU an 
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angle of 5^. The points where the orbit cuts the ecliptic are 
called the moon's Nodes. This inclination will modify income 
degree the effects of attraction. Delambre. ^ 

829^ The moon's time of revolution is, like that of th(e sun, 
^stimat^d in several different ways. The synodic revolution 
brings her again into conjunction with the sun ) the tropical 
brings her back tp the same longitude ; the sidereal to the sai)fie 
fixed star; the anomalistic to the same point ip her movable 
orbit ; and the draconitic brings her back to the same no4e. 

Days. 

The revolution, in relation to the node, is performed in 27.21222 

In relation to the equinox, in 27-321525 

In relation to the stars, in 27.321583 

In relation to the perigee, in 27*554570 

In relaticm to the sun, in 29.5305S9 

If these numbers were whole numbers, and were multiplied together, 
they would give a period at the end of which every phenomenon of 
the lunar motion would be found to recur a second time in the same 
order it Jiiad previously happened. 

Such a period was much sought for by the ancients, in order to regu- 
late their calendar, and serve for the prediction of eclipses. That 
which was most used by them is the Metonic Cycle of nineteen 
years. 

Calippus quadrupled this period, and subtracted a day, which rendered 
the cycle more exact. 

Hipparchus discovered a period of 345 years, which was well suited 
for the purposes of the calendar, but not for the prediction of 
eclipses. The ancients remarked that they returned, nearly the 
same in appearance, after an interval of 18 years and 10 days. 
This is called the Chaldean Period. 

Modern aistronomy furnishes us with more easy and accurate methods 
of determining the recurrence of eclipses. See Delambre, Vol. IL 
chap. XXV. 
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^ OF ECLIPSES. 



830. The Sun, the Earth, and the Moon, are all bodies that 
are nearly spherical ; when, therefore, their three centres are in 
the same straight line, if the Earth be between the Moon and 
the Sun, the Moon will enter into the shadow of the Earth, and 
an inhabitant of the darkened hemisphere of the Earth will see 
an eclipse of th& Moon ; in consequence of the greater magni- 
tude of the Sun, this shadow is of a conical figure. Delam- 
BRE, Vol. II. chap. XXVI. 

If the Moon, on the other hand, pass between the Earth and 
the Sun, the conical shadow of the Moon will most commonly 
reach the surface of the Earth, and the inhabitants of that por- 
tion of its surface over which the shadow passes will lose for a 
short space of time the sight of the Sun. Delambre. 

In a given place, eclipses of the moon are more frequently seen than 
those of the sun ; for when the moon is eclipsed, her light is lost to, 
and the eclipse is seen from, every point on the hemisphere of the 
earth that is turned towards the moon ; on the other hand, the sun, 
although he appear eclipsed, loses none of his brilliancy, but is 
merely hidden from us by the interposition of the body of the moon ; 
and as the moon is much less than the earth, the section of her sha- 
dow is but a small i^pot on a part of the enlightened hemisphere of 
the earth. 

« 

831. Eclipses, either of the sun or the moon, can only hap- 
pen when the moon is near one of her nodes, that is to say, is 
either in the plane of the ecliptic, pr near it. Those of the sun 
happen only at new moon, or when the moon is in conjunction 
with the sun ) those of the moon at the full moon, when the sun 
and moon are in opposition. 

832. In investigating the phenomena, and predicting the re- 
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curreuce of eclipses, it is necessary to have the means of ascer- 
taining the dimensions of the truncated cone of light whose 
base is in the sun, and of the conical shadows of the earth and 
moon. These are found by the following rules : 

(1) The sum of the parallaxes of the sun and moon, less the diameter 
of the sun, will be the angular distance of the moon from the axis of 
the earth's shadow at the instant the centre of the moon enters into 
the cone ; add to this angle the semidiameter of the moon, and it 
will give the angular distance of the moon from the axis of the sha- 
dow at the moment her limb enters into it. 

(2) To the difference of the two parallaxes, add Ihe semidiameter of 
the sun, for the angular distance between the centre of the moon and 
the axis of the luminous cone at the moment th^ centre of the moon 
is entering into it; add to this angle the semidiameter df the moon, 
it gives the distance from the axis at the moment the limb of the 
moon enters the luminous cone. D£lamba£, Vol. II. chap. xxvi. 



Eclipses of the Moon, 

833. The length of the earth's shadow varies, with the dis- 
tance of the sun and earth, between the limits of 212.896 and 
220.238, semidiameters of the earth. The mean length being 
216.531. Playfair, Vol. II. § 141. 

834. From this and the angle of the cone the apparent semi- 
diameter of the shadow may be calculated ; this varies between 
37' 42^' and 45' 52''. Playfair, Vol. II. § 142. 

As the last of these numbers is more than three times the semidiameter 
of the moon, a lunar eclipse may continue as long as she takes to 
describe twice her own diameter ; that is, for about two hours* 
Playfair, Vol. II. § 142. 

835. The phenomena of a lunar eclipse may be understood 
by supposing two circles of given magnitudes, one representing 
the disk of the moon, the other a section of the garth's sha- 
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dow, to move in the same plane with ^ven velocities and ^ven 
directions : the instants of time, when they touch, when they 
cease to touch, and when their centres are nearest to one ano- 
ther, determine the beginning, the greatest obscuration, and the 
end of the eclipse. 

The place of the spectator makes no difierence in the time of the oc- 
currence of the preceding phenomena ; they appear to happen at 
the same instant of absolute time to all observers, in iiiiatever part 
of space they are situated. For this reason the phenomena of a 
lunar eclipse are in themselves simpler, and far more easily calcula- 
ted, than those of a solar eclipse, in which the body that obscures 
the other is distant from it so far that their apparent places are much 
affected by the place and the motion of the observer. Platfaib, 
Vol. II. ^ 143. 

836. The figure of a section of the shadow is always circu- 
lar, which circumstance we have already used to prove that the 
figure of the earth does not differ much from a sphere. But as 
the arc that is observed to terminate this circular figure is never 
more than a few degrees of its whole circumference, it is im- 
possible to decide with accuracy, if this curve is truly a circle, 
or merely an approximation. Delaaebre. 

837. The penumbra that surrounds the shadow, renders ob- 
servations on the beginning and end of the eclipse very uncer- 
tain ; it is a better practice to watch the times at which the sha- 
dow reaches the several most remarkable spots that are observed 
on the disk of the moon. The same eclipse will for this reason 
furnish a hundred or more different observations, that may be 
compared with others made in distant places, and thus serve to 
ascertain the difference of lon^tude between places on the sur- 
face of the earth. See Delambre, Vol. 11. chap, x^itvi. 

The ancients, who had no other method to determine terrestrial longi- 
tude, might easily be mistaken in their results to the amount of 2^ 
or 8' of time 5 this arises from the uncertainty in which we are with 
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respect to the true ilme of the beginning and end. Indeed, in their 
geographical tables, we find still greater errors tliao this. 

n eclipse of the moon is visible at all those places where the moon 
mplele observation mii.y he made in any 
place where the moon is above ihe horizon for its whole duration, 
which may be from 3 to 3^ hours. 

838. In predicting the circumstanceE of lunar eclipses, and 
ascertaining whether they are to occur or not, a graphical 
method is most frequently used ; it will give the times of be- 
ginning and end within half a minute of time, wiiicb is sufficient 
for the purpose of a prediction. 

For this method, see La Caille, Astrotiomic. Delambre, Vol. II- 
I chap. xxvc. Febguson, Astronomy. 

839. When the mean opposition takes place iu a point of the 
lunar orbiit that is more than 12° 36' distant from the node, 
there can be no eclipse ; when this distance is less than 9°, an 
eclipse must happen ; between these two limits tbe matter is nn- 
certain, and must be decided by calculating Ihe true place of 
the moon, kc. Plaiiair, Vol. II. 4 144. 

 840. When an eclipse is not lotal, the phase is estimated in 
I digits ; these are twelfth parts of the diameter of the body ; 

when tbe shadow covers any given number of these, it is said to 

be so many digits eclipsed. 

The ancients used digits to signify an aliquot part, not of the diameter, 
but of the whole surface; this is perhups a more precise mode of 
estimating the phase, but it is more difficult to calculate. 



Solar Eclipses. 



' 841. The length of the moon's shadow is less than that of 
! earth, it) the same ratio that the diameter of the mooi 
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less than the diameter of the earth ) that is, in the ratio of 1 to 
3.562. Playfair. 

Hence, when the earth is in the aphelion, the length o£the moon's sha- 
dow is 59*730 ; and if the moon is in perigeciy'.iii.Aitance from the 
earth is only 55.902 ; so that the shadow najrfeich the earth, and 
a total eclipse take place. But if the moon Were in her apogee, 
where her distance is 63.862, the shadow could not reach the earth, 
and the eclipse could not be total any where. 

When the earth is in the perihelion, the length of the moon's shadow 
is 57*76, and if the moon be at the same time in perigee, a total 
eclipse may happen. 

The duration of a total eclipse, in any given place, cannot exceed 

7' 58". 

An annular eclipse, or one where the sun's disk appears like a ring 
ail round the moon, may last 12' 2A". 

To have an eclipse, it is not necessary that the shadow should reach 
the earth; it is sufficient that the apparent distance of the centres 
of the sun and moon be less than the sum of thehr apparent s^ni- 
diameters. Playfair, Vol. II. § 147. 

It is in this case that central eclipses are annular. 

842. When an opaque body is opposed to one that is lumi- 
nous, there is a certain space behind the former from which the 
latter is only partially visible. This space is called the Penum- 
bra of the opaque body. 

If the bodies are spherical, the penumbra is a cone, having for its axis 
the Ime joining the centres of the two bodies j and for its vertex the 
point in that line where tangents to the opposite sides of the two 
bodies intersect each other. 

Half the angle of the conical penumbra is equal to the apparent semi- 
diameter of the sun, phis the angle which the moon's semidiameter 
subtends at the sun. Playfair, Vol. II. § 148. 

843. To conceive the phenomena of a solar eclipse, we may 
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consider the section of tlie moon's penumbra as advancing a 
the earth from the west, and as being viewed by an observer in 
the moon in the game manner that an eclipse of the moon is 
viewed by an observer on the eartli. Plasfaib, Vol. 11. § 149. 

844. The penumbra in a solar eclipse, if viewed from the 
moon, would subtend an angle equal to the sum of the diante* 
ters of tile sun and moon, as seen from the earth. 

When the penumbra just touches the disk of the earth, the distance of J 

theu- centres is equal to half the angle subtended hytbe sectioB of 
the penumbra, plus tlie moon's horizontal parallax. 

If the least distance of the centres or the sun and moon be less than this, 
there can be no eclipse. The greatest value of this angle is 1° 34' 
27". If this be the distance at the time of ecliptic conjunction, 
the distance from the node is 17° 21' 27". If the conjunction 
happen nearer to the node tlian this, liiere may be an eclipse } if it 
be more distant, there con be none. 

The limits of solar eclipses are therefore greater than those of lunar ; 
hence there are more eclipses of the sun than of the moon by 
nearly one half. But in any given place, the number of eclipses 
that are observed are many fewer of the sun than of tlie moon ; for 
a lunar eclipse is, as has been stated, visible to a whole hemisphere, 
but a solar eclipse only to that part over which the penumbra 
passes. PLAirfAiK, Vol. U. <^ 150. 

545. To calculate the beginning, end, and other phenomena 
of an eclipse at a given place, there are a variety of methods, 
but that one which' is most used is that of the Nonagesimal. 
It is thus performed. For the probable time of beginning, cal- 
cnlatethe right ascension of the mid-heaven, the longitude and 
altitude of the nonagesimal degree ; from this determine (he 
parallaxes in latitude and longitude, and apply them to the true 
latitude and longitude, according to their algebraic signs ; in 
this way we obtain the elongation E, and the apparent latitude 
G; if E' + G-* = s', J being the sum of the apparent send- 

Vol. II. 22 
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diameters, the instant chosen is that of the beginning of the 
eclipse; if E^ + 6' > ^^ the eclipse has not yet began; if 
E' + G' < 59 it has commenced. If either of these be the 
case, make a calculation for an instant a few mliHites earlier or 
later ; a simple statement in proportion betweeil the two values 
of E' + 6', and the interval of time will givtl the precise in- 
stant of contact. 

Similar methods are to be employed to calculate the end of the eclipse^ 
and to find the shortest distance of the centres, and the time of the 
middle of the eclipse. 

The parallax in altitude may be employed instead of the method of 
the nonagesimal, and also the paralkxes in ri^t ascension and de» 
clination. See Delambre, Vol. U. chap. xxvi. 

846. Eclipses, when carefully observed, may be applied to 
determine terrestrial longitude, and to correct the lunar tables. 
In both these cases it is best, and in the latter absolutely neces- 
sary, to observe the phase from time to time by means of a 
micrometer. 

847. In predicting solar eclipses, a geometrical construction 
is, as in lunar eclipses, sufficiently accurate, and may be true 
within 1' of time. The most simple is that which supposes the 
observer to be placed in the sun, and to see the path which any 
place on the earth's surface describes, in consequence of the 
£umal motion, projected into an ellipsis on the plane of the 
earth's disk, while the path of the moon's shadow is projected 
into a right line on the same disk. 

This method has been improved by La Caille, who proposes to give 
a gec^aphical projection of the path of the shadow, the times of 
obscuration, &c. for all places on the earth's surface. Platfaib^ 
Vol. 11*^151. 
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Of the JVumber of Eclipses, 

848. The number of eclipses in the Chaldean period is about 
70, of which 29 are of the moon, and 41 of the sun. These 
recur in different numbers in each year, but according to cer- 
tain laws, which are as follows, viz. 

(1) There cannot be wore than seven^ nor less than two eclipses in 
the same year. 

(2) If there are seven in the same year, five must be of the sun, and 
two of the moon. If tlMeare only two, they are both solar. 

(3) There are in every year at least two eclipses of the sun. 

(4) There can never be more than three eclipses of the moon in a 
year y and in some years there are none. 



OccuUations of the Stars, 

849. The methods that are used in the calculation of solar 
eclipses may be applied to the investigation of the circumstances 
of the occultation of a fixed star by the moon. When, how- 
ever, the moon is distant from the ecliptic, the base of the right 
angled triangle, used in the former case, cannot be supposed to 
be equal to the difference of longitude ; its value may be foui|d 
by multiplying that difference by the cosine of the latitude. 
Playfair, Vol. II. § 162. 

All the stars whose latitude is less than 4^ 32' may suffer occultations. 
Qccultations may be employed for the same purposes as eclipses of . 
the sun ; say, to determine terrestrial longitude, and to correct the 
lunar tables. 
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OF THB PLANETS. 

860. Beside the sun and moon, there are, as has already 
been stated, other bodies that have a proper motion among the 
fixed stars. The general direction of this motion is from west 
to east, and the bodies are called Planets. Five of these, be- 
sides the sun, moon, and earth, were known to the ancients ; the 
modems have discovered five others. 



Ancient Planets. 


Modem Planets. 


Mercury, 


Herschell, 


Venus, 


Ceres, 


Mars, 


Pallas, 


Jupiter, 


Juno, 


Saturn. 


Vesta. 



The ancient planets have been known from the most remote antiquity^ 
they are visible to the naked eye, and the observations of a few days 
will enable us to perceive their motion. *^'The modem planets are 
only visible through the aid of the telescope. Delambbe, VoL H. 
chap, xxvii. 

851. Venus Is the most beautiful of all the planets, and was 
probably the first known ; her phenomena are also the most 
readily observed. We shall therefore begin with them ; th^ 
aip as jfollows, viz. 

(1) Venus always accompanies the sun, never receding from him mote 
than about 46^ ; she is sometimes seen on his east side, setting after 
him 5 at other times, on his west side, preceding him in rising* 

In the first case she goes by the name of the Evemngy and in the se- 
cond^ of the Morning Star, 

These were at first supposed to be difierent stars. 

(2) Venus, when an evening star, and at her greatest distance firom the 
sun, appears through a telescope to have a semicircular disk; like 
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the moon in ber first quarter, the convexity being, as iu that case, 
turned towards the bud. As her distance irotn the sun diminbhes, 
the quantity of the illummated disk diminishes, like that of the 
moon in her wane, but the diameter increases rapidly, so much so, 
as for a time to more than counterbalance the loss of brilliancy oc- 
casioned by the lessening of the portion of the di^ diat is illumi- 
nated. 

At the time of her greatest elongation, Venus is for a time stationary 
in relation to the sun, or has the aame motion with hun in longitude; 
and at a certain point in her approach, from this stationary position, 
towards the sun, she becomes stationary in relation to the stare, or 
has no motion in longitude. AAer this, her motion becomes retnf- 
grade in relation to the stars, or towards the west. 

(3) Venusat last approaches so near to the sun as to be lost In his 
rays, and is for some time entirely invisible, eicept when she is oc- 
casionally seen to cross the disk of the sun like a round black spot. 
Tiiis last phenomenon b called the Transit of Venus. 

E^(4) Afier this conjunction, Venus continues retrograde, and is after a 
time again seen in the form of a thin crescent ; as her elongation 
from the sun increases, the portion of dbk that is illuminated 
and her apparent diameter increase also, until she attain the dis- 
tance of 4G° on the other side of the sun, when her disk b semi- 
circular. 

(5) After tlie period of greatest elongation, tlie motion of Venus again 
becomes direct, and she approaches towards the sun; as she does 
this, her diameter gradually diminishes, her disk becomes gibbous, 
and at last nearly round ; she b then again lost in the sun's rays, 
being in conjunction with him. This conjunction is called the Su- 
perior, to dbtinguish it from that already mentioned, which is called 
Inferior. 

'(6) After the superior conjunction, Venus again becomes visible on 
the east side of the sun ; her disk is nearly round, and of the same 
diameter it appeared to have before the conjunction ; her elongation 
from the sun then increases, her disk becomes a less portion of a 
circle, and her diameter greater, until she attain tlie distance of 46° ; 
after which llie phenomena again recur, in similar order. 
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(7) The period which includes all these changes, or that which ^pses 
between an inferior or superior conjunction, until the recurrence of 
another of the same kind, is 584 days. 

The time of greatest elongation is 69 days before, and as long after, 
the inferior conjunction. 

(8) The greatest apparent diameter of Venus is near one minute ; the 
least does not exceed 10'^ See Delambse, chap. xxvn. Plat- 
FAUi, Vol. n. § 154, 155, 156, &;c. 

853. From the comparison of these several phenomena it 
would appear, that the light of Venus is derived from the sun ; 
that the orbit near the inferior conjunetion is convex, and near 
the superior conjunction concave, towards the earth ; and that 
there is every probability that the orbit of Venus includes the 
sun within it. 

853. If the radius of the earth's orbit be unity, and that of 
the orbit of Venus r, the distance of this planet from the earth 
will vary between the limits 1 + r and 1 — r. These distances 
have to one another the ratio of the apparent diameters, hence, 

1 + r : 1 - r : : 60'^ : 10" 

2 : 2 r : : 70^' : 60'' 

60 
r = — = 0.72 
70 

Delambre, chap, xxvii. 

854. The orbit of Venus is inclined to the ecliptic, and she is 
found to pass from one node to another in 112 or 11 3 days, and 
by a series of observations her periodic time is found to be 224 
days 16 hrs. 42' 27'', 5. Delambre. 

The same result may be derived from a comparison of the period of 
584 days, within which the phases are comprised, with the annual 
revolution of the earth, for if o be the angular velocity of the planet 
in her orbit, or her mean diurnal motion, that of the earth bdog 



Astronomy. 175 

59' 8^' 3 ; then the arc described by the sun during a revolution of 
Venus is (59' 8'', 3) X 584, and that described by Venus in the 
same time is 360'^ + (59' 8", 3 X 584 5) therefore the diurnal mo- 
tion of Venus is 

360 + (59' 8", 3 X 584) 360 

1 — : = 59' 8", 3 X — = 1° 35' 56" 

584 584 

and the periodic time, 

360 



10 35' 56" 



= 224 days nearly. 



From the periodic time the distance may be concluded by the third 
law of Kepler, for 

Ta : ^a : : R3 : r3 and 
r = = 0.7233 



thus the two modes of calculation mutually confirm each other. 

855. The inclination of the orbit of Venus to that of the 
earth is 3^ 23^ 25^^, and her apparent latitude may be as great 
as V2P. Delambre, chap, xxvii. 

856. The apparent semidiameter of Venus, when her dis- 
tance is 0.72, is 12^^ ; when her distance is unity, or equal to the 
distance of the sun from the earth, it will be W^ 4 ; the hori- 
zontal parallax of the sun is not nidre than 8^^, 7 ; hence the 
magnitude of Venus is but little less than that of the earth. 

m 

857. The conjunctions of Venus return to the same points of 

the heavens in about 8 years, and nearly all the phenomena of 
her appearance occur in the same order at the end of this cycle. 
If a conjunction take place at the moment the planet is in one of 
her nodes, Venus will pass over the disk of the sun in the form 
of a black spot. This spot is too small to be seen by the naked 
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eye, and for this reason the transit was nevinr observed by any 
ancient astronomer. 

858. As Venus, after the lapse of 8 years, returns to a con- 
junction at the same part of the heftTens, we might, after ob- 
serving one transit, expect another it the end of this period ; 
and indeed it sometimes does take place ; but a third can never 
follow at the end of a second period of the same length, for the 
latitude of Venus changes from 20 to 2A" within the 8 years. 
For this reason, a passage over the northern part of the sun 
succeeds to one over the southern part, and vice versa ; but at 
the third conjunction, the planet's latitude will have become 
greater than the semidiameter of the sun. It will then be 1211 
years from the first transit before another happens. 

HoRROx was the first who had the good fortune to see Venus pass over 
die disk of the sun. 

The two transits of 1761 and 1769 were observed in many parts of 
the earth, and none will again occur until the month of December, 

1874. 

859. The circumstances of the transit of Venus may be cal- 
culated in the same manner as those of a solar eclipse. Venus 
here holds the place the moon does in the other ; but her dia- 
meter is much less, her relative motion is retrograde, the pa- 
rallaxes are less in quantity, and more easy of calculation. 

860. The duration of the transit, as seen from the centre of 
the earth, and from a point on its surface, will not be the same, 
in consequence of the parallax ; this difierence may be calcu- 
lated, and ft will vary in different countries, and more particu- 
larly between places situated in different hemispheres ; if the 
parallax increases the duration of the transit in one hemisphere, 
it will lessen it in the other. For this reason^ the observed du- 
ration in two places, remote from each other, may serve to de- 
termine the parallax that is the cause of the difference. 



It was long belore this advanuge, presented by iJme tnuuit. of Venui, 
was noticed. Keplbr, and Hogsox after him, thought of \t only 
as a curious and rare phenomenon. Hallef first poinied out the 
important use that might be made of it in determining the dimen- 
sions of the solar system. 

It is important to choose proper station^ for the observation of the 
transit ; but when the time at which it is to happen has been once 
ascertained, the places whence it may he seeo may be determined 
by the mere inspection of a globe. See Dela^bbe, chap, xxvii. 

In general, it b necessary to seek for one station in high southern, and 
another in high northern latitudes. 

Observations of the transit of 1769 were made, at Wardhus in Lap- 
land, at which place, being above the panllel of 67^^ N., the sun 



At Cajaneburg, in Sweden, where the immersion was visible a short 
time before sunset, and the emersion a short time before sunrise : 



In C^fomia, where the sun was on the meridian when the planet en- 
tered on his disk; 

In Hudson's Bay ; 

In the southern hemisphere no inhabited country presented itself at 
any high latitude, but it was observed by Captain Cook, at Otaheite. 

861. From a comparison of these several observations, De- 
lambre infers, that the horizontal parallax of the sun cannot 
be tnore than 8", 64 nor less than 8", 403 ; and that do sensible 
error can arise iu taking it at 8", 6. 

The horizontal parallax being given, the distance of the stu) may be 
calculated in terms of the gemidiameter of the earth by the formula. 
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Ify then, the semidiameter of the earth be taken at 4000 miles^ the dis- 
tance of the sun is 95,000000 miks. 

This estimation of the distance of the sun in miles is a subject of cu- 
rionty merely; it enters into no astronomical calculation ; and as to 
the parallax, it will be of little importance, even in the most delicate 
investigations, whether it be taken at 8'^, 5 or at 8'', 7* Delaubke, 
chap. xxvu. 

862. Mercury presents phaiomena precisely analogoos to 
tbipse of Venus. like that planet, he accompaiiies the sun, 
and is never seen farther from him than 23^. 

His greatest diameter is not more than 11'', 275 ; his least, than 
5"y 025 ; his mean distance is 0.7887- 



The synodic revolution of Mercury is 115.877 days. 

The diurnal motion in his orbit, 4^ 5' 32''. 

The periodic time, 87-97 days. 

His bulk, compared with the earth taken as 1, is 0.3838. Delambbe. 

863. Mercury, like Venus, is occasionally seen to pass over 
the disk of the snn, and his transits are more frequent than 
those of Venus. Their periods are, 6, 7, 13, 46, and 263 
years. Delambbe. 

The transits of Mercury are chiefly of use in determining the ele^ 
ments of his own orbit; his parallax is too small to permit his being 
used to advantage in determining that of the sun. 

864. There are but two hypotheses that can explsdn the mo- 
tions and phases of this planet and of Venus ; the first is, that 
they turn around the sun, and that the earth revolves around 
him also ; this is the system of Copernicus. The second hy- 
pothesis supposes that the sun revolves around the earth, and 
carries with him the orbits of Venus and Mercury, exactly as 
the earth, in the Copernican system, carries with it the moon ; 
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this is the' system of Tycho Brahe. The system of Ptolwiy 
gives us no explanation of these phenomena. 

The Egyptians appear to have discovered, at an early period, the pro- 
priety of considering two planets, that never quitted the wan^ as re- 
volving around him* These planets are seen in the mornings before 
sunrise, or in the evening, just before os-after sunset ; when in their 
nodes at the time of conjunction, they are seen to pass over til6 
sun's disk, but this always takes place at the inferioTi and never at 
the saperior conjunction; at the latter period, then, they are more 
distant than the sun ; they therefore torn aroond him. This fact is 
more fully established by the appearance of their phuesi and a 
knowledge of the variation in their apparent diameters* 

The errors of the school of Ptolemy qppear to * have been in some 
measure owing to the want of the telescope; but even befaie its 
introduction, the insufficiency of the Ptolemaic systefld had been 
pointed out, and was admitted even by the most obstinate opponents 
of Copernicus. Delambre, chap, xxvii. 

865. The planets, Mercury and Venus, that accompany the 
sun, and have an inferior conjunction with him, are called Infe- 
rior Plapets. 

866. There are other planets, that are seen in opposition to 
the sun, and which are called Superior. Among these is Mars, 
whose appearances are as follows, viz. 

(1) His apparent diameter varies between 18'' and 6''. 

(2) His light is of a reddish hue, and he has no sensible phases, never 
showing less than four fifths of his disk. 

(3) His mean distance from the sun is 1.52 ; his distance from the 
earth varies between 2.52 and 0.52, being 2.52 when Mars is in 
conjunction with the sun, and 0.52 when he is in opposition. At 
this last .period, he passes the meridian, or culminates, at mi(^ 
night, rises when the sun sets, and sets wIm* he rises ; and is, ac- 
cording to the mode of expression used by ifBOfeek Astronomans, 
Acronical. When near conjunction, and in Opposition, his disk is 
perfectly round. 
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(4) lb consequehce of the great difference in the diameter of Many 
diere b a great difference in the brilliancy of Us a|^;>earance at dii^ 
ferent times. 

(5) The parallax of Mars is to that of the sun as 10 : 4 ; ftkid was 
aied, liefore transits of Venus were observed, to discover Uie di- 
mensions of ihe solar system. 

(6) M ercuiy and Venus, as seen from the earth, are retrograde to- 
wards the inferior conjunction. If the earth be an inferior planet 
to Man, it must appear, to an observer on his surface, to be retro- 
grade towards the same part of the orbit. If the earth appear re- 
trograde towards Mars, the latter should appear so to the earth. 
Thb is actually the fact, furnishing additional evidence that the 
learth revohres around the son, and that the orbits of Uie inferior 
planiets are included within that of the earth. 

(7) The greatest elongation of the earth, as seen from Mars, would be 
530 ^ this planet b therefore stationary at 136^ of elongation. 
Dblambse, chap, xxvii. 

867. Jupiter is the most important planet of the solar sys- 
tem, both from his great size, and the four satellites with which 
he is attended. His orbit is next to that of Mars in distance 
from the sun. 

(1) The oppositidns of Jupiter return in 399 dBys; and each time 
his longitude increases about a sign. 

(2) Hb tropicJEd revolution occupies 11 years 318 days. 

(3) The diameter of Jupiter, when at hb mean dtrtaAce lit>m Ihe 
earth, is 37"' His disk is usually covered by two, or sometimes 
three dark belts. He is flattened at the poles, his equatorial being 
to hb polar axis as 15 : 14. 

(4) Hb phases are still lest; setisihie than those of Mars; and like 
him, he may be ubservM iat all arigular distances from the sun. He 
b, in consequence, a superior planet to Mars, and to the others that 
'have been mehtioAed. 

(5) His annual parallax is notmore than 12P. To an observer on 
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his surface ihe earth never appears lUrther than that distance from 
the sun, nor Mars mttre than l7° ; while Venus and Mercury, hav- 
ing no greater elongations tlian 8° and 4 J, are probably invisible, 
unless they should be -seen performing transits over the solar disk. 

(6) The distance ol" Jupiter Troai the sun, in terms of the aemidiame- 
»er »f thetanh's orbil, is 5.2028. Delambke, cbap. xxvii. 

863. Saturn, altbouf^h smaller in site, less brilliant, and far- 
ther from us, thao Jupiter, is stil] distinctly visible ; bis mean 
diameter is IS", and he is surrounded with a ring whose appa- 
rent mean diameter is 42". His periodic revolution is perform- 
ed in 29 years 12 days, and his distance is 9.53877. 



1 



869. The planet Herschell, or Uranus, was discovered by 
Herschell, in 1781. He is the most remote from the sun of 
any planet in the solar system. His periodic time is 84 years ; 
his distance, 19.183305. 

870. Jupiter, Saturn, and Herschell, are all affected in the 
same manner as Mars, being for the greater part of the year 
direct in motion ; but when near the opposition, they become 
statKHiary for a time, and are then retrograde. 

871. Besides these, there are four small bodies that revolve 
around the sun between the orbits of Mars and Jupiter. Kep- 
ler, observing the sudden increase of distance in passing from 
the orbit of MarG to that of Jupiter, conceived that a planet 
was wanting between these two. His idea was recalled to the 
minds of astronomers by the discovery of the planet Ceres, 
which was made by Piaizi, in 1801. Placing this in the sys- 
tem, there is a most remarkable progression to be observed In 
the distances of the planetary bodies. 

Mercury is distant, 4 = 4 

Venus, 7 = 4 -I- S X 2 • 
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Ceres, 
Jupiter, 
Saturn, 
Uranus, 



28 = 4 + 3 


X 


23 


52 = 4 + 3 


X 


2* 


100 = 4 + 3 


X 


2« 


196 = 4 + 3 


X 


2 • 


388 = 4 + 3 


X 


2^ 



If the planet Ceres be removed, the progression is incomplete. If 
this law be actually founded in nature, we can hardly expect to dis> 
cover any new planet in the solar system. 

The other three planets were discovered in succession. 

Pallas, by Olbers, m 1 802 ; 

Juno, by Harding, in 1804 3 and 

Vesta, by Olbers, in 1807. 

They are supposed, from the near ccunddeiice of their mean distances 
and periodic times, to be the fragments of a larger planet that once 
existed in that part of the system. They are so smaU that our best 
micrometers hardly suffice to measure their diameters. 

872. The phenomena of the superior planets all tend to cmi- 
firm the fact that the earth is a planet revolving in an elliptic 
orbit around the sun ; that his apparent motion is due to the 
motion of the earth ; that the orbit of the earth includes the 
orbits of Venus and Mercury, and is included by the orbits of 
the remaining planets. 

Hence little doubt can remain of the truth of the Copemican system 

of the universe. 

t. 

873. The orbits of the planets formerly known were deter- 
mined originally by the result of long observations of their 
motions, and particularly, of their returns to their nodes, 
whence the times of their revolutions were calculated. From 
these observations, the following laws were deduced, in relation 
to their motions, which fully agree with those deduced a jpn'ort, 
by means of the theory of universal gravitation. 
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(1) The orbits of the planets are ellipses, having the sun in their com- 
mon focus. 

(2) The velocities of the angular motions of a planet are inversely as 
the squares of the distances ; and the sector described by the ra- 
dius of vector of each planet is proportioned to the time of de- 
scription. 

(3) Tlie squares of the periodic times are as the cubes of the dis- 
tances. 

874. These laws, having the double confirmation of theory 
and observation, may be taken as general laws of all planetary 
bodies whatsoever, and hence we may apply them to determine 
the distance, periodic time, he. of a newly discovered planet. 

The methods used for this purpose have been brought to perfection by 
Grauss, an eminent German astronomer, and three geocentric obser- 
vations of any new planet are now sufficient to determine the ele- 
ments of its orbit. 



875. The several most important circumstances in relation to 
the planets are comprised in the following table : 



Eccentricities, 





Periodic tfoMS. 
Days. 


Mean distances, 
Earth*8t}einguBi^. 


the mean distance 
being unity. 


Inclination of 
the orbit. 


Mercury, 


87.969 


.3788787 


0^055 


70 0' 0" 


Venus, 


224.700 


.7233323 


0J006S 


30 23^ 35" 


Earth, 


365.256 


1.0000000 


0.0168 




Mars, 


d86.c>79 


1.5236935 


0.0931 


1051' 0" 


Jupiter, 


4^32.596 


5.2027911 


0.0482 


10 18/ 52" 


Saturn, 


lC«r5M70 


9.5387705 


0.0562 


20 29' 38" 


Uranus, 


30688.713 


19.1833050 


0.0467 


00 46' 25" 



876. The several planets of the solar system, by their mu- 
tual action, are constantly disturbing the regularity of each 
other's motions. To enable us to calculate the true place of a 
planet, for any ^ven time, it is necessary to introduce among 
the elements allowances for these irregularities ; the investiga- 
tion of the tables by which they are computed is the province 
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of Physical Attronomy. Il is sufficient bere to stmte, that 
every perturbation of the planets that has been investigated has 
been found to be periodical. . 

877. When planets are attended with satellitesi tl^eir masses 
may be determined in relation to that of the sun ; the masses 
of the other planets, although less easily ascertained, maybe 
found from investigating the action they produce on the other 
bodies in the system. As the actual density of the earth is 
known, from the experiments of Cavendish, and the observa- 
tions at Schehallion, we may hence ascertain the actual weight 
of all the bodies of the solar system. 

The following table exhibits their apparent diameters, if teen at the 
distance of the sun ; their diameters cmnpared with the earth ; their 
magnitudes; and their masses. 





Apparent 
diameters. 


Diameter! c6m* 
pared with tlie 
Eartli. 


Volttmet. 


Blasfes oon^Mred 
with tbe Earth. 


Mercury, 


6", 6 


0.3838 


0.0565 


0.1627 


Venus, 


16,5 


0.9593 


0.8828 


0.9243 


Earth, 


ir,2 


1.0000 


1.0000 


1.0000 


Mars, 


8,9 


0.5174 


0.1386 


0.1294 


Jupiter, 


186,8 


10.8600 


1280.9 


308.94 


Saturn, 


iTiiT 


9.9825 


974.78 


93.271 


Herschell, 


74,5 


4.3314 


81.20 


1.6904 


Sun, 32'. 02, 


111.74 


1395324. 


329630.0 


Moon, 


4,7 


0.2730 


0.20351 


0.0146 



For the several inequalities of the planets' motionsithat have not been 
mentioned, see Laplacx, Mechanique CeJ^U^ Vol. m. 

878. Tbe Son, the Moon, Mercury, Venus, Mars, Jupiter, 
and Saturn, have been found, by observation, to revolve upon 
their axes, and we might hence infer, in addition to the other 
proofs already alleged, that the circumstances of diurnal mo- 
tion were produced by the rotation of the Earth ; and also, thajt 
Uranus, Ceres,^ Vesta, Pallas, and Juno, revolve in like manner, 
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althongh the great distance of the first, and the very small size 
6{ the others, prevent us from perceiving it. 

879. The rotation of the planets is determined, and its pe-. 
riod ascertained, by watching the position of points on their 
surface. If these remained nearly stationary, it might be in- 
ferred, that the planet did not revolve ; but in all that have been 
mentioned above, they are found to have regular motions, of 
greater or less rapidity. 

The spots of the Moon are visible to the naked eye ; those of the Sun 
are very conspicuous to the telescope, and were discovered by the 
very first observers; Mercury is so small and bright, and Saturn is 
so distant, that it requires very powerful instruments to perceive and 
determine the motion of their spots; Venus, -from her Inrilliancy, 
is also difficult to observe ; while the rotation of Mars and Jupiter 
can be readily ascertained. Delambre. 

880. Their times of diurnal rotation are as follows, viz. 



Mercury, 


24 hrs. 05' 30^' 


Venus, 


23 hrs. 21' 


Mars, 


24 hrs. 40' 


Jupiter, 


9 hrs. 66' 


Saturn, 


10 hrs. 


Sun, 


24 days 18 hrs. 


Moon, 


27 days 7 hrs. 43' 3 ' 




Delahbrs 



The rotation of the moon on her axis is exactly equal to the time of 
her revolution around the earth, and this coincidence has probably 
some physical cause ; if the moon had been originally a fluid maW| 
the attraction of th^ earth would have elongated it, and ism side be^ 
coming thus heavier than the other, would, by the force of gravity, 
always fall towards the earth. Lagrange. 

The motion of the moon around the earth, as we have seen, is not 
uniform ^ she also moves in an orbit inclined to the ecliptic ; hence 
it happens, that a spot which appears to us exactiy in the centre of 

Vol. IL 24 
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the lunar disk when she is in the ecliptic, is higher than the centre 
when her latitude is south, and lower than the centre ithea her lati- 
tude is north ; that it is seen to the eastward of the centre, when her 
longitude is greater than that which she would have by a mean and 
equable motion ; and to the westward of it when her longitude is less. 
These slight changes in the surface, which the moon presents to us, 
goby the name of Libration; and are distinguished as libration m 
longitude and latitude, in right ascension and dedinatios; these 
librations are also affected by the parallax, which produces a daUy 
change in the quantity of each of them. DsLiiMBBE. « 

881. Jupiter, Saturn, and Mars, are compressed at the poles, 
in the same manner as the Earth. The compression o{ Jupi- 
ter is Tj) of Saturn ^79 ^^^ of Mars -^j. 

Were Venus flattened at the poles as much as the earth is, the quantity 
could not be measured by our micrometers. Delabibre. 

882. The axes of several of the planets are inclined towards 
their orbits, in the same way as that of the Earth's is; the inclina- 
tion of the axis of Venus is 75^ ; of Mars, 30^ 18' ; of Jupiter, 2^ 
to 3^. Delambbx. 



Of the Satellites. 

883. Jupiter is accompanied by four Satellites ; they revolve 
around him in orbits that are but little inclined to his equator. 
Their motions have been carefully observed ever since they 
were first discovered, and tolerably accurate tables of their 
motions have at last been constructed. By means of these, 
their eclipses by the shadow of the planet are predictedi and 
employed in determining terrestrial longitudes. 

884. Saturn is distinguished from the other planets, by a 
plane ring with which he is surrounded. He has seven satel- 
lites, six of which revolve in orbits thai nearly ciniicide with the 
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plane of his equator, while the orbit of the seventh is inclined 
at an angle of about 30°. 



The ring of Saturn presenls a variety of phases, and so^^.^^^. -^ 
appears aUogether. This last occurrence happens either when thi^ 
plane of the ring passes through tJie earth, or when it passes through 
the sun. The ring, by the best observalions, appears lo be double^ 
and it has a rotary motion around the planet. Delauure. 

885. Uranus has six satellites, whose orbits are nearly per- 
pendicular to the ecliptic, and Herschell conceives that be lias 
seen a ring surrounding the planet like that of Saturn. Dk- 



886. The phenomena of these planets, with their Eeconda' 
ries, resemble, in miniature, those of the solar system itself; 
their motions are found to follow the laws of Kepler, and they 
are liable to perturbations, arising from their own mutual acdon, 
in the same manner as the primaries. Delaubre. 



or THE ABEaRATION JNI> ANNIJAI. PiIUt.t,»X OP THE STABS,. 
AND OF TH£ NUTATION OF THE EARTH's AXIS. 

Aberration. 

■* 887. The motion of light from one point on the sorface of 
' the earth to the other is so rapid as to be performed in a space 
of time that is absolutely insensible. Were it a sensible 
quantity at the distance of the lunar orbit, it would affect the 
time of the beginning of bolh solar and lunar eclipses ; but it, 
would also equally affect the end, and the difference between 
the errors it produced in different eclipses would be impercepti- 
ble; as a constant error cannot be either observed or cor- 
rected, these celestial phenomena would afford us no measure 
of the velocity of light. It is otiierwise with the echpses of 
Jupiter's satellites ; bis dtEtance from us varies by twice the ra- 
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dias of the earth's orbit ; and it is found, that if the tables be 
calculated for the mean distance of Jupiter, the ecfipses of Ids 
satellites happen 8 minutes sooner, when he is in opposition to 
the sun, and 8 minutes later, when he is near conjunction. 

Hence we infer that light traverses the semidiameter of the earth's 
orbit in 8 minutes, or has a velocity of nearly 12 millions of miles 
per minute. 

888. The phenomenon, called the aberration of the fixed 
stars, arises from the motion of the rays of light, combined 
with the motion of the earth in its orbit. For if the velocity 
of the earth have any determinate ratio to the velocity of fight, 
it wiU be evident from the mechanical theorem of the composi- 
tion and revolution of forces, that we shall see a star, not in the 
direction in which it actually is, but in the direction of th^ dia* 
gonal of a parallelogram, one side of which represents in mag- 
nitude and direction the velocity of light, the other that of the 
earth in its annual orbit. 

The variation in the apparent plane of the fixed stars, whidi arises 
fimi^diis cause, was first observed by Bradley, and be also pointed 
out dbe cause. Dklambrs. 

The earth moves through an arc of 20'', 232, while light traverses 
the semidiameter of its orbit ; 2C, 232 should therefore be the 
maximum aberration, and thb is found by observation to be true. 
Every star appears to describe a smaU ellipais in the heavensi of 
which the true place of the star is the centre ; whose semitransverse 
axis is 20'', 232, in the direction of a tangent to the parallel of the 
star's latitude ; and whose semiconjugate axis is 20", 232 X un 
lat. of the star. 

If the star is in the pole of the ecb'ptic, it appears to describe a circle 
whose radius is 20", 232 ; if the star is in the ecliptic, it describes a 
straight line in the plane of that curcle, whose length is 20"^ 232. 
Playfaib, Vol. U. ^ 210 and 211. 

The error arising from aberration is computed, in the case of the most 
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important stan, and their corrected places given, in ilie NatiHcal 
Almanac and Comiaisance du Terns. 



* 889. Ilie motion of the earth in its orbit is fully established 
Iiy the aberration of the fixed stars ; nearly all the other phe- 
nomena of the heavens might be explained by the system of 
Tycho Brahe ; but this last can arise from no other cause than (he 
motion of the earth around the sun in the course of a year. 
Delaubbe. I 

890, The moon and siui have aberratioos, arising from the 
same cause as that of the fixed stars, but these are nearly con- 
stant quantides ; when, however, the true place of the sun is lo 
be known, as in die calculations of the geocentric places of the 
planets, we add 20", 25 to the place taken from the tables of 
an ephemeris. Delaubre. 
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Annual Parallax of the Stars. 
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4^91. It beisg demonstrated hy the aberration of the fixed 
' stars, that the earth revolves around the sua, those bodies should 
have an annual parallax. But it is so small that it has never 
been measured by astronomers. Bradley found no sensible 
parallax in the stars be observed in order to determine the aber- ' 
ration ; a parallax of from 3" to 5" has however been suspected^, 
although not proved to exist, in Lyra, and in some of the stara 
^^tf Cassiopeia. 

 893. A small inequality that has been observed ia the pre- 
cession of the equinoxes, and in the mean obliquity of the ecIip-1 
tic, is known by the name of the Nutation. 

Bradley, in making observations to determine (he truth of his t) 
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of aberration, discovered the Stan to be affected by anotiier^ 
Ihy ; the maximum of this he found to be 9'S and its .period 18 
years. Thisperiod being the same as that of therevolution of the 
moon's nodes, he was induced to compare the inequality with that 
motion, and he found that the quantity of the nutation depended on 
the position of the lunar nodes. Platfair, VoL II. ^, 217* 

The phenomena of nutation may be represented by suppoung, that, 
while a point that may be considered as defining the mean place df 
the pole of the equator, describes a circle in the heavens anNmdthe 
pole of the ecliptic, at a distance equal to the mean obliquity of the 
ecliptic, and with a retrograde motion of 5C annually; another 
point, representing the actual pole of the equator, moves around the 
former at the distance of 9'S so as to be always 90^ more easterly 
than the moon's ascending node. The inequality thus produced ia 
the precession of the eqmnoxes, and in the obliquity of the edip* 
tic, will exactiy agree with the appearances as observed. Pilat* 
PAIR, Vol. n. ^218. 



OF THE COMETS. 

893. Comets are bodies belon^g to the solar system, tint 
move in very eccentric orbits, and are only visible to as near 
the time of their passing their perihelion. ' Such is the rapidi^ 
of their motion that they soon retire to so great a distance as to 
render it impossible to see them. Tlwir magnitodes also are 
for the most part small, and they are snrroonded by nebaknii 
matter, which unfits them for reflecting much light 

They are called comets, from the circumstance of theur hmg most 
commonly attended with a tsul, or, as it was called by the andentSy 
hair. Delambbe. 

894. From the great brilliancy that some of the comets oc- 
casionally exhibit, firom the rapidity of thm motion, and the 
short time for which they are visible, it may readily be inferred 
that they must move in very eccentric ellipses. The mode of 
calculating the several equations for determining the place, and 
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predicting the retnm, of a body revolving in a re-entering or- 
bit, is rendered more intricnte, as the ellipse becomes more ec- 
centric ; hence, in the case of comets, the modes nsed in refer- 
ence to the planets can no longer be employed. 

The several methods that have been successively employed in deter*  
mining the elements of the orbits of comets, may be seen by refer* 1 
ring Io'Dklambrb, Vol. III. chap, xxxiit. 

Their general principle is, to lake three observed geocentric places, 
and three radii vectores j from these three points in a parabolic 
orbit, the place of the focus, of the perihelion, and three anomalies, 
are deduced ; the place of the node, and the inclination of the orbit, 
may be calculated from two latitudes and the difTeience of longitude 
on the days when they are observed. If these agree with the de- 
duction from the latitude of the third observation, the nearest para- 
bolic orbit may be conceived to be discovered ; and this is reduced 
to an ellipsis by methods that may be found in Dblambrb, ubi 
supra. 

Should the first parabola not Ailiil the requisite conditions, a second 
must be calculated, or, rather, the tirst corrected, and so on, uatiiL 
one is found that represents all the phenomena. Delambbx. 

Of all the comets that have been observed, there is but one, the ele- 
ments of whose orbil have been very accurately ascertained ; this is 
the comet of Halley ; its period b about J3 years. Delambre. 

895. Comets being bodies that describe elliptical orbits 
around the sun, placed in one of the foci, are therefore of the 
same general class with the planets ; the most remarkable dif- 
ference that has yet been observed between them, is in the great 
eccentricity and in the inclination of their orbits ; the latter, in 
the case of the planets, is never greater than 35*^, and it only 
amounts to that in the case of one of the new small planets ; 
, in the case of the comets, it is sometimes 

I The comets are much smaller than any of the old planets; 
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but when Ihey are compared with Vesta, Ceres, be, this can 
no longer be considered an essential diflference* 

The comets are sorronnded with nebulae, or masses of Aunt 
light \ hot in this respect, also, the new planets form an inter- 
mediate link. 

To strengthen ^ne analogy between comets and the planets, a 
body has lately been discovered, whose orbit is of a natore 
intermediate between the very eccentric curves described by 
the former, and those nearly circular, described by the latter 
bodies. 

Comets are probably spherical bodies, but their nebuhe for 
the most part prevent us from observing the phases to which 
their sphericity renders them liable ; phases were, however, ob- 
served in the comet of 1682. 

The nebula appears to produce an effect similar to that which globes 
of ground glass do on the Argand lamp, and we see, instead of a 
well-defined sphere, or its proper phase, merely a mass of denser 
light in the centre. Delambre. 

896. The comets shine, not by their own light, but by re- 
flecting that of the sun ; this fact, however, has lately been 
called in question by some, who imagine that all the bodies of 
the system have a small and faint light inherent in themsehres. 

897. The nebula that surrounds a comet b by some c<m»- 
dered as its atmosphere ; this is supposed to be much more ex- 
tensive in proportion than that of the planets, and to vary in 
bulk with the distance of the comet from the sun ; when the comet 
approaches the sun, its atmosphere is much heated, and expands, 
while its attraction for the comet being thus lessened, it b left 
forming a stream of light behind it, that is called the taiL 

This atmosphere, however, is found to precede the comet. 
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after it has passed its perihelion ; to account for this phenome- 
non, it has been supposed that an impulse is given it by the 
impact of the rays of light. 

The tiuls of comets subtend angles of various dimensions ; some have 
been seen^ where the tail appeared 90^ in length. 

The apparent velocity of a comet varies not only with its distance 
fnmi the sun, but in consequence of its position in respect to the 
earth. One was observed in 1472, that appeared J|tif describe an 
arc of 120° in 24 hours. 

898. The ignorant have been accustomed to consider comets 
as the messengers and forerunners of divine wrath ; even the 
learned hare supposed that some one or other might impinge 
against the earth, and change its external appearance, or, coming 
near it, cause deluges. Some have supposed that the earth 
was originally a comet ; others, that the moon is one that has 
been arrested in its course by the attraction of the earth. 

None of these hypotheses, however, will bear the test of accurate 
examination. Delabibius. 

This is most remarkable in relation to the supposition that a comet 
m^t impii^ against the earth ; for of 1 17, that have been obser- 
ved) there is not one that can ever come into contact. 

.-J 

899. It has been disputed whether the comets were as ancient 

as the other bodies of the system ; but of this we have no means 
of judging. Herschell has supposed that they might occasion* 
ally be formed by the collection of floating particles of matter ; 
and Newton thought that they may sometimes fall into the sun, 
to repair the waste caused by the continual emission of his 
light. 
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OF THE FIGURE AND MAGNITUDE OF THE EARTH. 

900. We have already stated reasons for supposing that the 
earth is a body which does not differ much from a sphere ; see 
^ 742. Its curvature is even evident to the eye, and appears to 
be equal in all directions. Humboldt, on the Peak of Tene- 
riffe, saw the horizon depressed on every side of him, to the dis- 
tance of 92^ from his zenith. This being, therefore, well es- 
tablished, it becomes a matter of curiosity to ascertain what its 
dimensions are, and whether the sphere is a perfect one. 

The oblateness of the earth was inferred from the theory of gravita- 
tion ; it has more recently been measured, as we shall presently see. 

Aristotle^ in his treatise de Cceloy states, that the circumference was 
supposed, in his day, to be 400,000 stadia ^ as we have no means 
of determin'mg the value of the stadium intended by him, and as 
we do not know of any actual measurement before his day^ it is dif- 
ficult to say how near this estimate was to the truth. 

Eratosthenes, having remarked that the sun shone at Syene, in 
Egypt, at noon on the day of the summer sobtice, to the bottom of 
a well, while on the same day its zemth distance was 7^ 12' at 
Alexandria, inferred that the distance between the two places was 
3^ part of the circumference of the earth } he found diis to be about 
5000 stadia ; he thence assumed the circumference to be 252^000 
stadia, and each degree to contain 700. In this calculation^ he 
omitted the effects of refraction and parallax, and seems to have 
considered the course of the stream of the Nile as a straight line 
coinciding with a meridian. See Delambre, Vol. III. chap. xxxv. 

• 

The detail of this 'operation has been handed down to us by ClbOh 

MEDES. 

PosiDONius pointed out another method of measuring the magnitude 
of the earth. Canopus, a bright star in the constellation Argo, is 
Invisible in Greece, but at Rhodes it was observed just to appear at 
the southern verge of the horizon, and immediately to set. The 
same star, at Alexandria, has an elevation, when on the meridian^ 
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of 7° 30'. Assuming the distance to be 5000 stadia, and this arc 
ifae 48th part of the whole circumference, he made the degree 
666.66 stadia. In this esiimate, he neglected the refraction, and 
supposed the two places to be on one meridian. 



Ptolgmt pointed out the correction that would be necessary when the 
two places are not in the same meridian. 

A degree was measured in the plains of Mesopotamia, by order of 
the Caliph Alraamoon, and found to be 56J Arabic miles; but the 

> magnitude of this measure is tost, as well as that of the stadium. 
Bailly, in his History of Astronomy, supposes that these several 

' lineal measures are deduced from some one accurate measurement 
of the earth, the memory of which is lost. Of this there is no 
proof whatever ; and all our knowledge of the proficiency of the 

I ancients in these departments of science would rather tend to invall- 

 date his 



Fehnel, a Frenchman, supposing that Paris and Amiens were under 
I the same meridian, measured the distance between tlii:m by count- 
ing the number of revolutions made by the wheels of his carriage. 
He thus made the length of the degree, in the latitude of Paris, 
57070 French toises. La Caille afterwards found it 57074. 

The first trigonometrical measure of a degree was performed in Hol- 
land, between Bergen op Zoom and Alcmaer, by Snellius. His . 
calculations made it 55020 toises, but a recalculation from his ob- | 

servations give a length of 57115. 

*In England, in 1635, Norwood, by the union of a variety of methods, 
measured the distance between York and London, and estimated 
the degree at 57424 French toises. This measure was not known 
to Newton, and, in consequence, lie look CO English miles for the 
length of a degree ; as this value does not correspond with the law 
of Kepler, it was near inducing him to abandon his investigation of 
the theory of universal gravitation. j 

PicAXD, in l670,measured the arc between Amiens and Paris, using 
greater precautions than had hitherto been applied. His horizontal 
angles were measured by means of a quadrant ftu-niahed with tele> 
scopic sights, and bis latitudes determined by a zenith sector, con- 
stnicted for the express purpose. His measmre was inaccutate, in 
consequence of an error in liic toise he made use of, and of his being 
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unacquainted with the change in the poiitioa of die fixed itars, 
earned by nutation and aberration. La CaillBi afterwards, ap- 
plied corrections for these several causes of error. 

This arc was, afterwards, in the year 1718, extended to Dunkirk, on 
the one hand, by LAmmB, and to Perpignan, on the other, by Cai^ 
siNf. From these measures it was inferred, that the earth was a 
spheroid, elongated towards the poles. This is inc<»instent both 
with theory, and the fact as now established. 

RiCBSR, who was sent to Cayenne in l6ri,' to observe die lefoetioos 
in that part of the world, and to correct the theory of the sun, fimnd 
that his clock, which had been ululated at Pturis, went too slow. 
He was, therefore, compelled to shorten his pendulum* From this, 
he inferred, that gravity diminishes as we approach die eqpaUMr. 
This may be caused either by an increase in the distance from the 
centre of the earth, or by the centrifugal force aritti^ from die re- 
volution of the earth on its axis. The first cause would not pro- 
duce a change in the length of the mean day, of more than (V', 9, 
while the second would cause one of 1'', 46. The actual effisct he 
found to be 1 '', 53. Both causes were, therefore, combined. 

Nk WTON, considering this subject in a more general maimer, and with 
reference to his theory of universal gravitation, determined the 
figure of the earth to be an oblate spheriod. Siq^posii^ every 
particle to have an equal density, he estimated the flattening at 
the poles as j^^ part of the whole diameter. As this deduc- 
tion difiers from that drawn firom the actual measurement of a 
portion of the meridian in France, it was proposed to setdethe 
question, by measuring two degrees so distant firom each other, that 
the probable error of observation would be much less than the di£fep> 
ence in the length of the degrees. For this purpose, Ckmnr, Bou- 
ousft, and La Condamink, set out for Peru in 1736, and, after ten 
years of labour, succeeded in measuring three d^rees in the sooth- 
em hemisphere. The difierence between the greatest calculated 
length of one of these, and the degree measured in France, was 302 
toises, the degree near the equator being so much shorter than the 
other. MAunsKTius, CLAiRAirr, Camus, Lemonnieb, and Qur 
THiBB, were, at the same time, sent to Laj^and, where diey measur- 
ed an arc of 57' under the polar circle, and found the degree to be 
349 toises more than that of P«ris. From diese measures it was 
deduced, that die compression of the earth was j}j. 
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The whole of the arc ui France was again measuTed by La Cailui n 
1736; other arcs were measured subsequently in diflerent placa : 

By Mason and Dixon, in Pennsylvania, in latitude 30° It' ; 

By La Caille, at the Cape of Good Hope ; 

By Maire and Boscovich, between Rome and Rimini ; and 

By LiESGAMG, in Hungary. 

This subject again attracted attention about the year 1787", when ai- 
mullaneouE trigonometricai surveys were instituted in France and 
England. In France, the arc between Dunkirk and Perpignan has 
since been measured for the third time, and extended through Spain 
to the Balearic islands, by Mechain and Delambre. In England, 
the whole extent of the British dominions, from Dunnnse, in the 
Isle of Wight, to Unst, in Shetland, has been measured by Gens. 
Rov and Mudoe. 

The observatories of London and Paris, were, at an early period of 
these surveys, connected by a series of triangles, and it was intended 
that the work should have been carried on in concert by the two 
nations. This was prevented by the long war that soon broke tut 
between tliem. 

In addition to the above, it may be nientioned,lhat an arc of nearly 10" 
has been measured in India by Colonel Lamhton, and that a great 
survey of the coast of the United States, was commenced b 1816 
by Professor Hassler. This last, begun under the best auspices, and 
' with the most perfect instruments ever constructed, has, from some 
unaccountable cause, and to the disgrace of the scientific character 
of our country, been suspended. For a more particular history of 
geodedc surveys, see Delakbbe, Vol, UL chap. xixv. 

901. An arc of the meridian is measured by ascertaining the 
distance in some known measure between two points under (be 
same meridian, aad whose latitude is known. To determine 
the latitude, the French astronomers employed observations of 
the two meridian altitudes of circnmpolar stars, taken bjr means 
of the repeating circle. The English, the altitudes of stars , 
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observed near the zenith by the zenith sector. The French in- 
strument has great advantages over the other, but their method 
appears to have been in fault, inasmuch as they did not employ 
meridian altitudes of southern stars, by which the enrors of the 
instrument might have been compensated. 

With the best instruments, latitudes cannot be ascerUuned to a greater 
accuracy than about 2^'. ^rinkley. 

902. As it would, generally speaking, be impossible to find 
a district of country where a degree, or larger arc, could be 
measured in one straight line, the operation is performed by 
measuring a base, and thence determining the value of the sides 
of a series of triangles, whose angles are measured. The men- 
suration of a base is now performed with very great accuracy ; 
the following are the principal methods that have been used : 

The French academicians used, in Lapland and Peru, rods of iron. 

Mechain and Delambre employed bars of platina. 

General Roy used cylinders of glass ; and when General Mudge re* 
peated the measure of the base of Hounslow heath, he emplojred a 
steel chain, joined like the chain of a watch. 

In using all these several instruments, a correction fen: the variation in 
length, by change of temperature, is indispensable. 

A base should be of considerable length ; that measured in England, 
on Hounslow heath, was five ; and Hassler's, in the English neigh- 
bourhood in New-Jersey, seven miles. 

903. In choosing the stations, it should be kept in view, that 
an equilateral triangle affords the best chance of accuracy in 
the calculated results. At each station, a signal that can be seen 
at a great distance is set up. In the earlier observations cones of 
wood were used, and it is often necessary to employ artificial 
objects that exist in the country. Angles are, also, firequently 
observed! at night ; Argand lamps, with parabolic reflectors, 
whose axis is turned towards the observer, may be used for 
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is purpose ; blue lights are employed by the English, but they 
do not burn long enough to permit the repeating circle to be 
used. 

Delambre, in his observations by day, made use of truncated 
pyramids of wood, and Hassler employed truncated cones of 
planished tui plate. 

The angles in these operations being measured on the curved 
surface of the earth, there is an excess in the sura of ilie three 
angles of each triangle over three right angles. The triangle 
cannot, therefore, be considered as plane without a correction 

for this spherical excess. 

or the methods by which this may be done, see DeLAMsnE, PlA'T- 
FAiB, in Edinburgh Transactions, and Mutton's Course. 
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904. The direction of the meridian is ascertained by taking 
le horizontal angle contained between the vertical circle pass- 
ing through a heavenly body, and that passing through one of 
the stations, as seen from the adjacent one. The azimuth of 
the heavenly body is calculated for the time, and the sum or 
difference of ihis and the observed angle, gives the angle which 
the direction of the station makes with the true meridian. The 
terrestrial angles and azimuth, were observed in the French sur- 
veys by tlie repeating circle, whose plane was inclined until ii 
coincided with that of the two objects ; in this mode a correc- 
tion was necessary to reduce the angle to the horizon. The 
English had the theodolite, where no such correction was needed, 
but where the advantages of the principle of repetition did not 
apply. Repeating instruments are now constructed with both 
verdcal and horizontal circles. Besides the application of these 
operations to the discovery of the true figure of tlie earth, the 
length of a quadrant of a meridian has been proposed as a stand- 
ard of universal measure, and has been actually useii by the 
JF rench for this purpose. See Vol. I. ^ 131. 

905. Delambre states, as the result of his observations autlj 
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calculations, that the conpmncw at the pole is ^ij part of the 
equatorial diameter of the earth. Dr. Adrain makes it ^^t* 

Supposing the earth to he an ellipsoid of revolution, the mean diame- 
ter would be found at the latitude of 35^ 16^* 

The mean diameter of the earth, deduced from these measurements, 
is about 7920 English miles. 

906. Observations on the length of the pendulum have al- 
ways accompanied the operations for measuring arcs of the me- 
ridian ; the most complete coincidence has been found in the 
oblateness of the terrestrial spheroid, as determined bj these two 
methods ; hence the very expensive and tedious processes used 
to measure degrees, may be considered as superfluous, except 
when other objects are to be attained at the same time, as where 
the coast of a country is to be surveyed, or its geography to 
be delineated. 

The subject of the measurement of arcs of the meridian, is to be 
found fully treated of in Delambbb, Base da SysHme Mdrique. 
A synopsis of his methods' is given in his Astronomie, VoL 3. 
Chap. XXXV. The detail of the English operations is to be found 
in the several volumes of the Philosophical Transactions. It b 
withregretthat we state, that Mr. Hassler's papers have not been 
given to the worid; it is to be hoped that they will soon appear, as 
they have been communicated, more than four years since^ to the 
American Philosophical Society, at Philadelphia. 

OF THK CAIiKNOAR. 

907. Among the different divisions of time, the civil year is 
the most important. It must necessarily consist of an exact 
number of days, and thus cannot agree with the tropical year, 
which consists of 365 days and a fractional part. 

As the tropical year includes and corresponds witii the vicissitudes of 
the seasons, it is essential that some method be contrived, by means 
of which the two modes of computation shall be brought to agree 

from time to time. 
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We borrow the aitilice, by meaiis of wliich tliis is eAVuted, I 
Romans. Their caliendar was Kformed by Julius Cxsax, who, 
coaceiving that Uie lengih of the year was 365J days, i!irec(e(l,that 
«vei7 fourth year should consist of S6& days. This year, from 
the circumstance of the intercalary day falling on the sixth day, be- 
fore the kalends of March, was called Bitsextik ; in English, Leap- 
year. The mean year of 3<3SJ^ days, assumed as the foundation of 
the Julian calendar, being between 11' and 12' too long, an error 
arose, amounting to about a day in 75 years. Tlie Council of Nice, 
in the year 323, finding that the equinox fell on the 21st of March, 
determined, that Easter should, thereatler, be held on tlie first Sun- 
day after the full moon that happened next after that day of the 
month. Previous to this time, the celebration of Easier had been 
regulated by astronomical phenomena. In 1582, the equinox, in- 
stead of falling on the 21st, happened on the 1 1th of March. Pope 
Gregory XUI., wishing to correct this error, and to prevent its 
again occurring, suppressed lOdays, in the month of October in that 
year, and directed, that from that time, three of the four centurial 
years, in each four centuries, should not be reckoned as bissextile, 
but as common yean. 

So near is this to tlie truth, that it will require no more than the sup- 
pression of one day in 3,000 years to make the civil years of the 
Gr^orian calendar correspond with th^ tropical year. 

The Julian calendar is still used in Russia, and wherever the rites of 
the Greek church prevail j their days are said to be reckoned in 
Old Style, The computation, by the Gr^orian calendar, is called 
New Style. The diflerence between these, is now 12 days; for a 
day has been suppressed since the introduction of the latter in each 
of the years 1700 and 1800. 

008. The year is divided into 12 montlis ; these have certain 
arbitrary and unequal lengtlis, borrpwed from the Roman calen- 
dar ; the intercalation is efiected by adding a day to the month 
of February. A belter nietliod than this, would certainly be, 
to make each montli of the equal lengtli of 30 days, and add, 
at tlie end of each year, five or six intercalary days, according 
u il were, or were not, leap year. 

Vol. n. 2fi 
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909. A year, compofed of 365 days, b equal to 52 weeks 
and one day more, while a leap year is two days more than this 
number of weeks ; in composing a perpetual calendar or alma- 
nac, the days cannot be distinguished by their name, nor can 
any two contiguous years begin with the same day. The seve- 
ral days are, therefore, marked by the first seven letters of the 
alphabet. The letter A always corresponds to the first day of 
the year ; if the year begin on Sunday, all the days in the ca- 
lendar marked with the letter A are Sundays, and the dominical 
letter is A. If the year commence on Mcmday, B is the do^ 
minical letter, and so on. Leap year adds a day to the year, 
but not to the week. There are, therefore, two dominical let- 
ters for each leap year, one of which serves until 2Sih of 
February, after which time the other must be used. In the Ju- 
lian calendar the succession of dominical letters is completed in 
7 X 4 = 28 years. 

This period is called the solar cycle ; it is no longer used except in 
calculating the moveable feasts of the Catholic and Episcopal 
churches. 

The other elements that are used in these calculations are the indiction, 
the epact, and the golden number ; the method of usng these is . 
given in the book of Common Prayer of the Episcopal church. It 
is needless to explain them here, for they are no longer employed 
by astronomers, and the deductions obtained from them are some- 
times erroneous. Thus, in the year 1798, the first of April should 
have been Easter Sunday, whereas it was not observed until the 
eighth ; and in 1818 it should have fallen on the 29th of March^ 
whereas it was celebrated on the 22d. 

Were it essential that the celebration of Easter should be detemuaed 
in strict conformity with astronomical phenomena, it would be ne- 
cessary to calculate the time of its recurrence from the accurate ta- 
bles of solar and lunar motion with which the improvement of the 
science of astronomy has furnished us. See Delambbe, YoL ID. 
chap, xxxvi. 
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QV PROJECTIONS OF THE SPHERE. 

910. It is impossible to delineate oq a plane any figure that ! 
can accurately resemble one that is extended in three djnien- 
sions. A certain degree of resemblance may, however, be ob- 
tained, and in the construction of maps this has been sought 
for in two ways : (1) By the ^rq;'ec(ion of the spherical surface 
on a plane, sucli as it would be seen by an eye situated in some 
particular point ; and (2) By the devdopenent of a spherical 
on a plane surface, Plattair, Vol. JI. § 70. 



I 



911. The Stekeographic Pkojection is a representation of 
the surface of the sphere on the plane of a great circle, such as 
il would appear to an eye situated in its pole. This circle i 
called the primitive. 

(1) The stereographic projeclian is usually limited to the representa- M 
tion of tlie hemisphere opposite to the eye, and whose projection ' 
falb within the priniidve; but it may be extended to a portion c 
the hemisphere in wluch the eye is placed, and whose projectioi 
falls without the primitive, 

(2) Great circles that pass throi^h the poles of the primitive, are call- 
ed right circles, and are projected into right linea, passing through 
die centre of the primitive ; they are measm'ed on a scale of semi- J 
tangentSj beginning at the centre of the primitive. 

(S) Circles not passing through the poles of the piimitive are called^ 
obHquei and whether great or less, are projected into circles. 

(4) The distance between the centre of an oblique circle and the ci 
tre of the primitive, is equal to the tangent of its elevation, or 
the angle which its plane malies with the primitive ; and the radinq 
is equal to the secant of its elevation. 

(5) The distance of the circumference of an oblique great circle, from 
the centre of the primitive, measured on a line passing through the 
centre of both, is equal to the semilangent of the complement of its 
elevation. This Une, which passes through the centre of any oUique 
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circle, and of the primitive, is called the line of measures of the for- 
mer. 

(6) The distance of the pole of an oblique great circle, from the cen- 
tre of the primitive, on the line of measures, is equal to the semi- 
tangent of its elevation. 

(7) The distance of the centre of a less circle, whose pole is in the 
circumference of the primitive, from the centre of the primitive, is 
equal to the secant of its elevation ; and its radius is equal to the 
tangent of its elevation. 

(8) Less circles, whose p<^es are not in the primitive, are projected 
by setting off, on their line of measures, the distance of their nearest 
and remotest points from the centre of the primitive, taken from the 
scale of semitangents. Their centre bisects the interval between 
these two points. 

(9) Arcs of oblique great circles are measured by drawing straight 
lines through their poles ; if one of these pass through the centre 
of the primitive, and another be drawn through any other pdnt, 
they will intercept equal arcs of the oblique circle and the primi- 
tive. 

(10) Angles, at the circumference of the primitive, are measured by 
the arc cut from a right circle that passes through the centres of 
the two circles that form the angle. 

(11) Angles made by right circles at the centre of the primitive, are 
measured on its circumference, 

(12) To measure aisles widiin the primitive, lines are drawn from the 
angular point to the poles of the circles that form the angle ; these 
cut off the measure from the primitive. 

912. The stereograpbic projection is easy of construction, as 
it admits of no other lines than straight and circular ^ and i$^ 
has this additional advantage, that the angle made by any two 
circles in the projection, is equal to that at which they cut each 
other on the surface of the sphere ; thus, the parallels of lati- 
tude in this projection cut the meridians at right angles. On 
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ihe other hand, it has the disadvantage, that equal areas on the 
surface of the sphere occupy very unequal spaces, according as 
tKey are situated near the centre or the circumference of the 
primitive. 

The use of this projection ia, therefore, limited to the constraclion of | 
the problems of splicrical trigonometry, to the representation of an ' 
entire hemisphere of the earth, and to planispheres of the heavens. 

913. In tlie Oethoobapbic Projsctiok, the eye is supposed 
to be placed in the axis of the circle on whose plane the projec- 
tion is made, but at an infinite distance. The rules for this | 



r'(l) Right circles arc projected into straight lines, and measured on 
the scale of sines. 

(2) Less circles, perpendicular to the primitive, are also projected into 
straight lines, and measured ou scales of sines, adapted to their 
respective lengths. 

(3) Oblique circles are projected into ellipses. The greater axis of 
theellipse, into which an oblique great circle is projected, is the di- 
ameter of the primitive, and its lesser axis is equal to the i 
the elevation, 

(4) Perpendiculars, drawn from the greater axes, cut off equal por- j 
tions from tlie oblique circle and from the primitive. i 

The use of the ortliographic projection, is conlined to the graphical 
_ . construction of the phenomena of eclipses, and the transits of the 
^p inferior planets. 

^ 914. In the representation of portions of the earth's surface, 
less tliaa hemispheree, the projection of Flamstead is, for the 
most part, employed. 

(l) In this construction, a straight line is drawn for tlie meridian of 
the middle of the map ; on this equal distances are marked olT, to 
show the degrees of latimde. From a point in this line, produced 
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as a centrei and with a radius^ that is to the length of one of the 
spaces intended to mark a d^ree of latitude* as the cotangent of 
the middle latitude to an arc of one degree, an arc of a circle is 
described to represent the d^ree of latitude. From the same cen- 
tre, are described other arcs through the different points marked off 
on the meridian of the middle of the map ; these represent the 
several parallels of latitude. Oh each of these paralleb, equal 
distances are set off on each side of the middle of the mi^, which 
are to the assumed degree of latitude as its cosine is to radius. 
The degrees of longitude, being thus marked on the parallels, the 
curves that pass through corresponding points in the different pa- 
rallels are meridians. They are curved more and more as they re- 
tire from the middle of the map. But when the extent to be r^re- 
sented is not great, they afford a pretty good representation of the 
convex surface. This ccmstruction has a very remarkable pro- 
perty ; the quadrilaterals on the map, included between the same 
parallels, have nearly the same ratio to each other with the quadri- 
laterals which they represent on the surface of the globe. Plat- 
PAIB, Vol. II. § 72. 

915. The projection called Msrcatob's, from the name of 
its inventor, is chiefly used for nautical charts. The meridians 
are all parallel*; the degrees of longitude are all equal ; the pa- 
rallels of latitude are parallel lines ; and the degrees of latitude 
increase on the chart, in the same ratio that the degrees of lon- 
gitude diminish on the sphere. 

In this construction the bearings of places from each other are the same 
as on the surface of a sphere, while the lines of azimuth, or rhumbs, 
which, on a sphere, are spirals, are here stnught lines ; hence its va- 
lue for the purposes of navigation. 

The method of constructing this projection was first fully expkun^ 
by Edward Wright in 1599| who showed, that the parts mto^n^cb 
the meridian is divided, are inversely as the cosines, or direNpSy '(it^ 
the secants of the latitudes. - . - 

It was, afterwards, observed, that the meridian Ime thus divided was 
analogous to a scale of logarithmic tangents of the half complements 
of the latitudes; this was first demonstrated by James Gr^iy, and^ 
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afterwards, in a more concise manner, by Halley. Playfaib, Vol. 

Ol* THE CALCULATIONS OF PRACTICAL ASTBONOMY*. 

Of Spherical Trigonometry. 

916. The calculations of practical astronomy are chiefly 
performed by means of spherical trigonometry. This branch 
of mathematical science, which was rendered much more easy 
in practice by the introduction of logarithmic sines, &c. has 
been still further improved by the introduction of the analytic 
method of proceeding, for which we are indebted to JBuler. 

917. Of the relations that subsist between the several trigo- 
nometric lines, the more important are as follows : 

Value of sin a Value of cos a Value of tan a 

sina 

(l)cosatana (l)sinacota (1) 

cos a 

cos a sin a 1 

(2) (2) (2) 

cot a tan a cot a 

1 

* cos ^ a ^ 

sina 
(4) _ (4) . (4) 



V(l + cot«a) ^(l+tan«a) V(l-"Sin>o) 

tana cot a -v/Cl— cos^a) 

m (5)— . (5) 

f i/(l+tan*a) y/(l + cot^a) cosa 

1 1 2tan4a 

(6) (6) (6) 



coseca sec a 1— tan 'I- a 
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In die first and second quadra^ the algebrtdc sign of the 
sine is +9 in the third and fourth, — . In the first and Iborth 
quadrants, the sign of the cosines is +9 in the second and third, 
.— . la the first and third quadrants, the sign of the tngents 
is +9 in the second and fourth — . In the first and third quad- 
rants, the sign of the cotangents is 4-9 in the second and 
fourth, — . 

916. The whole of analytic spherical trigonometry is ineluded 
Uifi single formula, whence three other ftmdamental the<H«m5 
1^ deduced. If a, ft, f , denote the three sides, A and B and C 
Ae three uigles, eifvfiAch A is o^osite to a, B to ft, and C to f, 
the four fbrmnlx are as follows, viz. 

COS « a cos A sin ft ^ c -|» cos ft cos c 
cos ft s cos B sin a sin e -4- eos a cos c 
cos c = cos C sin a sin ft + CQS a cos ft 

sin A sin B sin C 

sin a sin ft sin c 



B 



cos a cos B = cot c sin a — sin B cot C 
cos ft cos C = cot a sin ft — sin C cot A 
cos e cos A s cot ft sin c — sin Acot B 

eos C = cos c sin A sin B — cos A cos B 

cos A = cos a sin B sin C — cos B cos C V ^ 
cos B = cos c sin C sin A — cos C cos A 

These formula are not well adapted to calculations^ when peribrmed 
by means of logarithms ; for which reason, ethers that may be de- 
duct from them are chiefly onfiloyed. These may be divided into 
two Masses, one for the resoHitton of rights the other of obBqufj^ 
angled triangles. 

tt sometimes happens, however, that the processes deduced from the 
four f^ad^mental formulae, are much tnort concise than the otbersr. 
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919. Hie formulse by which the several cases of right an- 
gled spherical trigonometry may be solved, arie as follows ; e 
representing the hypothenuse, and C tlie right angle : 

(1) cos c = COS a COS 6 ^ 

(2) COS c = cot A cot b 

(3) sin a = sin c sin A 

(4) tan a = sin 6 tan A 

(5) tan a = cos B tan c 

(6) cos A = sin B cos a 

* ' 

920. The several cases of obliqge angled spherical trigg(||0- 
metry may be solved in the following manner : 

1st. Given the three sides, (a, &, c,) to find an angle, (A.) 



(l)tan 



/sin i(a + b — c) sin 4 (a + c — &) 



sin i(b + c —a) am^(a + b + c) 
Or, 

/sin i (a + 6 — c) sin ^ (a -f c — &) 

(2) sm ^ A = V 

sin 6 sin c 
Or, 



(3) sin i A 



.a + b + c . .a + b + c x 

r{—2 — *)""(—! — V 



sin b sin c 

Delambbe, Vol. I. chap. z. 



2d. Given the three angles, (A, B, C,) to find a side, (a.) 



(4) tan 



/ — cos ^ (B + C — A) cos J (A + B + C) 



cos i (A + B — C) cosi (A + C — B) 
Or, 



(5) sin i 



/ — coi i (A + B - C) cos i (A + C — B) 



sin B sin C 
Vol. n. 27 
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3d. CKven two sides, (ft and c^) and the cmtwied smgle, (A,) 
Uy find tlie other angles : 



^ cos i(P -^ c) 

^ (6)tani(B + C)= cot^A 

cosi(6 + c) 

sin |(ft — c) 
(7) tan i (B ~ C) = cot|A 

sin J (ft + c) 

B = J(B + C) + J(B-C) C = i(B + C)-^(B-.C) 

To find the third side : 

sin ft sin A 



(8) sin a = 



sinB 



4th. Given two angles, (B and C,) and the contained side, («,) 
to find the other sides, (ft and c) : 

cos J (B - C) 

(9) tan J (ft + c) = tan J a 

cos i (B + C) 

sinJ(B-C) 

(10) tan |(ft — c) = tan^a 

sinJ(B + C) 

- i(ft + c) + J(ft-c) = ft J(ft + c)-J(ft-c) = c 

To find the third angle (A) : 

sin C sin a 

(11) sin A = 

sine 
Or, 

sin B sin a 

(12) sin A =: ' 

sin ft 
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5th. Given two sides, {a and c,) and an angle (C) opposite to 
one of them, to find the angle opposite to ^he other, (A) : 

sin a sin C ;„ 

(11) sin A = 

sin c 

6th. Given two angles, (A and C,) and a side opposite to one 
of them, (c,) to find the side opposite to the other, (a) : 

sin c sin A 

(8) sin a = 

sin C 

Lacroix, § 57- 

These several cases may abo be solved by letting fall a perpendicular 
from one of the angles on the opposite side ; using the same nota- 
tion as before, and with the addition of S and S' to signify the seg- 
ments of the base c, V and V to denote the potrtions into wluch the 
perpendicular divides the vertical angle, we shall have the following 
formulae : 

Case 1st. a, 6, c, given : 

(1) tan i (S — SO = tan ^(b — a) tan j (b + a) cot f c 

(2) S = J c + J (S -SO, and S' = ^ c - J (S - SO 

(3) cos A = tan S cot 6, (4) cos B = tan S cot a 

sin c sin A sin c sin B 



(5) sin C = 



sin a sin h 



Case 2d. A, B, and C, given : 
(6) t*i J (V - VO = tan ^ (B - A) tan^ (B + A) tan J C 

(7)V = JC + KV-V0, V' = ^C-i(V-.VO 
(8) cos 6 = cot A cot V, (9) cos a = cot B cot V 

sin C sin a sin C sin h 

(10) sin c = = — ; ^ 

sin A sin B 
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Case 3d. 5, c, and A, given : 

(11) tan S =^ cos A tan 6 

(12) S' = c - S 

cos 6 cos S' 
(13) cos a = • 



% 



(14) tan B = 



cosS 
tan A sin S 



(15) sin C = 



sin S' 
sin c sin A sin c sin B 



sin a 



sin 6 



Case 4th. A, C, and 6, given : 
(16) cot V = tan A cos 6 
(17) V = C - V 

cos A sin V 
(18)cosB=- 



(19) tan a = 



sin V 
tan 6 cos V 



cos V 
sin C sin a sin C sin 6 



(20) sin c*= 



sin A sin B 

In the first four cases, the solution admits of no doubt. The other two 
cases are doubtful, and frequently admit of two conclusions. The 
mode of proceeding b also double. In practice, howev|r, it most 
frequently happens^ that but one of the conclusions is within the 
limits of possibility. 
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Case 5th. Given a, 6, and A : 

Solution 1st. Solution 2d. 

Tan S = cos A tan 6 (11) Cot V = tan A cos6(l6) 

cos a cos S 

cos S' =  (13) cos V = cos V tan 6 cot « ( 19) 

cos 6 

c=S+S' C = V + V' 

tan A sin S cos A sin \' 

tan B == (14) cos B = (18) 



sinS' 




sin c sin 


A 


sin a 




sin c sin 


B 



sin C = — ^ sin c = 





sin V 


sin 


C 


sin a 


sin 


A 


sin 


c 


sin 6 



sin h sin B 

Case 6th. Given A, B, and h : 
Solution 1st. Solution 2d. 

Tan S = cos A tan h (11) Cot V = tan A cos c (16) 

cos h sin V 

sin S' = sin S tan A cot B (14) sin V = (18) 

cos A 

c = S + S' C = V + V 

cos h COS S' tan h cos V 

cosa = (13) tana= (19) 

i cos S 

sin c sin A 
Sin C =  sin c = 

sin a 

sin c sin B 



cos V 


sin C 


sin a 


sin 


A 


sin C 


sin 6 



sin h sin B 

Delambre, Vol. I. chap. x. 
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921. By the above methods all the cases in spherical trigo- 
nometry maj be solved. It however frequently happens, that 
shorter processes, depending upon occasional artifices, may be 
employed to advantage. This is more particularly the case 
when rules are laid down for the use of persons unacquainted 
with the principles on which the methods are founded. In such 
cases, tables are frequently constructed, whence the results of 
the calculation of several logarithms may be taken out by mere 
inspection. In almost every case, however, the trigonometrical 
method has the advantage. 

In applying logarithms to the calculation of the above formulae, it is 
usual to make all the quantities additive by taking the arithmetic 
complements of the logarithms of those quantities that stand in the 
denominators of fractions. These correspond in the case of the 
sines with the logarithm of the cosecant, and in that of the cosine^ 
with the logarithm of the secant ; for this reason we introduce those 
lines in the practical examples. 

Of Ephemerides. 

922. The labour of the practical astronomer may be much 
abridged by the use of the accurate ephemerides that are pub- 
lished by the British and French boards of longitude ; the for- 
mer by the name of the ^^ JVautical Almanac" the latter of the 
^^ Connaissance du Terns" In these publications, the places 
and phenomena of the heavenly bodies are given as calculated 
for the meridian of the respective observatories of Grreenwich 
and Paris. As the Nautical Almanac is regularly republished 
in this country, we shall confine ourselves to the explanation of 
the use of the several tables which it contains. t 

923* All the calculations of the Nautical Almanac, except of 
the eclipses of Jupiter's satellites, are made for the apparent 
time of the meridian of Greenwich. Astronomers, in reckon- 
ing time, begin at noon, or 12 hours later than the beginning 
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of the civil day of the same denominatioD, and count 24 hours 
up to the succeeding noon. 

924. In using the Nautical Almanac for any other meridian, 
it is necessary to reduce the apparent time of the place to that 
of Greenwich. This is done by subtracting the difference of 
longitude, in time, from the appcurent time at the place, when 
this is situated west of Greenwich ; and adding it when it is 
to the east. 

Degrees of the Equator may be converted into time by the formula, 

D 4D 

15 60 

Example.— Convert 740 5& into time: 

740 56' 
4 



60)299 44 



hrs. 4 59' 44" 

Time may be converted into degrees of the Equator, by the formula, 

10 T 
D = 10 T + 

2 

Example. — Convert 4 hrs, 56 min. into Degrees : 

4 56 
10 



2)49 20 
24 40 

deg. 74 00 * 

925. In the Nautical Almanac, the sun's declination, longi- 
tude, and right ascension, are Calculated for the time of amia- 
rent noon at Greenwich, and are, therefore, given for intervals 
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1 



of 34 hoars. The sun's motion may be considered as 
during this space of time, and the place of llie sun may, 
fore, be calculated for any given time by a simple proportioD. 
Where the time given is that of any other meridian, it nuist be 
reduced to ilie lime at Greenwich before die proportion is stated, 
and ihis is a general rule, applicable to every case whatsoever. 
On (he same page with the declination, right ascension, and 
longitude of the sun, the equation of time is to be found. This 
is used in regulaiing clocks and watches, where the tJme has 
been deduced from transits of the sun over the meridian, Ot 
from observations of his altitude. 

926. The semidiameter, and hourly motion of the snn, are 
laid down for intervals of six days. The amount of either of 
these quantities may be found for any intermediate time, by a 
statement in proportion. 

927. The motion of the moon being much more rapid than 
that of the sun, her place is given for intervals of no more than 
]2 hours ; and her longitude, latitude, declination, and right as- 
cension, are calculated for noon and midnight on the meridian of 
Greenwich. So irregular is the motion of the moon, that a 
simple proportion will not suffice to find either of these quanti- 
ties for a given intermediate time; but, for this purpose, a table 
of a quantity called the equation of second differences has been 
constructed. It was formerly to be sought in the collection of 
requisite tables, but is now bound up with the Nautical Alma- 
nac. In using tliis table, the declination, or latitude, Gzc. of the 
moon, as the case may be, is to be taken for the two nearest pe- 
riods preceding and following the time for which the calculation 
is to be made. Their difference is to be used in a proportion, 
as in the case of the Bun, to fuid the proximate place. The cor- 
rection is then to be found by taking the tivo places next pre- 
ceding, and the two next following the given time ; these are to 
be written beneath each other, and their three differences taken; 
the two differences of these differences, or the second differences,. 
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are next to be taken, and their mean forms one of the argmnents 
with which the table is to be entered. The oAer argument is- 
the time from the nearest period for which the place of the moon 
is given. 

This subject will be best illustrated by the following example, taken 
from the Nautical Almanac : 

Required, the Moon's Longitude for July l6th, 1767, 16 hrs. 22' 16''. 

For the mean Longitude : 

Longitude, July l6th, at 12 hrs. Os 6^ 40' 25" 
July 17th, noon, Os 13° 47' 48" 

Difference, Os 7° 7' 23" 

12 hrs. : 4 hrs. 22' l6" :: 7^ 7' 23" : 2^ 35' 41" 

being the moon's motion during the interval, at a mean rate. For 
the correction, lake 

« 
Moon^s Longitude. 1st dif. 2ddif. 

July 16. noon, lis 29° 29' 24" 

7° 10' 51" 
12 hrs. Os 60 40' 25" + 3' 28" 

70 7' 53" 
17, noon, Os 13° 47' 48" +3' 44" 



12 hrs. Os 200 51' 27" 



JO 3/ 39// 



The mean of the second differences is 3' 36"., With this, and 4 hr». 
22' as arguments, enter the table of second differences 3 the long^ 
tude of the moon is then found as follows : 

Longitude, 1 6th, at 12 hours, Os 6° 40' 2" 

Difference for 4 hrs. 22' at a mean rate, Os 2^ 35' 41" 
, Equation of second difference, Os 0° 00' 24" 

Moon's true Longitude, Os 9^ 16' 30" 

When the difference of the moon's longitude for intervals of 12 hours 

decreases, the sign of the second difference is +, and the correction 

is additive. When the difference increases, the ;sign of the second 

difference is «- . If the difference first increase, and then decrease, 

Vol. !!• 28 
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or vice versa, ihe secund diffexeoces Iiave contrary signs, and K 
he subtracted from each other, and the half taken for the n 
lite eijuatlon is lo be added or subtracted, according to the algebraic 
&igii wliich the mean lias. 

Tlie same nietliod applies to the calculation of the latitude, declinalicni, 
and right ascension, with this remark, tliut when the declination or 
latitude change llieir denomination during either of the intervals, 
tlieir difference is lo be laken as if they had contrary algebraic 
signs. 



928. To facililate the method of finding tlie longitude by 
lunar observations, the distances of the moon from stars, or 
from the sun, are calculated for every three hours. The time 
at Greenwich, at which the observed distance happens, is ascer- 
tained by a simple proportion ; and this is generally solved 
by the use of proportional logarithms, constructed for the pur- 
pose, and contained in the several collections of Requisite Ta- 
bles.  • 



939. The other useful calculations given in the Nautical 
I Almanac, are : the time of the sun's semidiameier passing 
[ the meridian, which serves lo reduce the transit of either limb 
r Ihe sun to that of his centre, when the passage of but one 
Llimb could be observed; the place of the moon's node; the 
\ times (tf tlie eclipses of Jupiter's satellites ; the places of the pla- 
Inets; the semicliameter and horizotital parallax of the moon 
I tiDci the conjunctions of the moon with fixed stars. 
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030. The simplest mode of finding the latitude, is that used 
 by nautical men, where the meridian altitude of the sun is ob- 
served by a reflecting instrument ; his declination is then calcu- 
lated fw the time at Greenwich, by means of the nearest esti- 
mated longitude; the sum, or diflerence of this and the ob- 
[ served altitude, is the complement of the latitude. 
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TIte same method is also applicable tn the lixed stars and the planetsg 
in llie first of which the decliDatjan is known willi greater certaintn 
than that of the sun ; and to the moon, where, however, a smaU e 
ror in the estimate of the longitude of the place may cause an errcnfl 

IS result. 

It of reflection afiords, to a practised observer, a mode o 
ascertaining very nearly the precise instant at which a heavy bodyl 
culminates ; hence the advantage of this method in preliminary ob-9 
servations even on land, where the meridian has not been markedS 
out, nor the time ascertained witli any approach to accuracy. 

931. When a meridian line has been drawn, the meridian al- 
titudes of heavenly bodies may be ascertained by means of the 
astronomical quadrant, or mural circle ; and io portable obser- a 
vatories, by the altitude and azimuth circle of Troughton. I 

932. When the apparent time is known nearly, altitudes of 
the heavenly bodies may be taken a short time before, and a 
short time after their passing the meridian, by means of tlie re- 
peating circle. The reduction of the observed altitudes to the 
meridian, is readily effected, and tables have been constructed 
Ibr the purpose. See Brewster, Cyclopedia, article Circle. 

933. Stars that never set have a peculiar advantage in obser- 
vations for the latitude, as they are twice in the 24 hours on the 
meridian. Their altitudes at the times of their transits, may 
be observed by instruments of rejection, by the altitude stid azi- 
muth circle, and by mural instruments. They may, also, be 
calculated from observations taken with repeating instruments . 
near the meridian. 

To correct tliis last kind of observation, the French astronomers have 
used observations of the same stars, taken near the time of their 
greatest eastern and western azimuths. Observations of the meridian 
altitudes of bodies that pass the meridian to the south of the ee- 1 
nith, appear belter fitted to diminish the chance of error. 

934. The Latitude may also be calculated from simullaneonij 
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observations of the altitudes of two known heavenly bodies. If 
A and h' be their several altitudes, t the difference of their right 
ascensions, D and D^ their north polar distances, P the hour 
angle of that body which is farthest from the meridian, L the 
complement of the latitude, the formulae will be as follows, viz. 

tan X = tan D^ cos t 

tan V = tan ^ sin a; cosec (D — x) 

V is the angle at the star that is farthest from the meridian^ and whose, 
polar distance and altitude are h and D. 

cos C =: cos D' cos (D — a;) sec x 

/ .k + h' + C. .h + h'+C X 
sinjWss -y cos ( 1 sin I A' I secAcosec 

tt = V + w 

tan z = cos u cot h 

tan P = tan u sin z cosec (D — z) 
tan L = sin h cos (D — z) sec z 

It is not absolutely necessary that the observations be simultaneous ; 
in any other event, the interval in time, between the observations, 
must be applied to the angle t. 

On the same principle, the latitude may be calculated from two alti- 
tudes of the same heavenly body, and the time elapsed between 
Attn ; in this case, D = D', and the first triangle is isoscdes, by 
which the calculation is somewhat shortened. The observations 
are frequently made when the body has equal altitudes on oppoMte 
sides of the meridian ; the calculation is then much simpler, for 

and the formulse become 

tan S = cos I P tan D 
cos S' = sin h cos S sec D 

L = s ;7 S' 
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EXAMPLE. 

t = 4hrs. 10' 30" D = 72^ 15' 20" A = 57° 50' 10" 





m 

2 


)62o 


39' 


00" 


p 


3IO 


19' 


30" 




72<^ 


15' 


20" 


s 


69° 


53' 


38" 




57° 


50^ 


10" 


S' 


17° 


17' 


10" 


L 


520 


36' 


28" 



cos 9.93158 

tan 0.49485 sec 0.51 G03 



tan 0.43643 cos 9*53625 

siii'9.92764 



cos 9.97992 



I = 37° 23' 32" Latitude of the place. 

Thb admits, in practice, of no uncertainty, for the difference of the 
segments is to be taken, when the latitude of the place, and the 
polar distance, are of the same denomination ^ their sum, when 
those quantities are of different denominations. 

When the stars are used in the last method, it is liable to no inaccura- 
cy, except what may arise from unequal refraction ; in the case of 
the sim, the declination varies, and an allowance must be made for 
the change. 

These methods are of great value at sea, where it may frequently 
happen, that the observation of meridian altitudes is prevented by 
clouds ; but, in this case, allowance is to be made, where there is an 
interval of time, for the motion of the vessd, between the two ob- 
servations. 
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Methods of Finding the Apparent Time. 

m 

935. The hour of noon may be determined within a few se- 
conds from the observation of the meridian altitude of the sun, 
taken by a reflecting instrument. 

936. The passage of the sun over the wires of a transit in- 
strument, accurately placed in the meridian, gives the time of 
apparent noon with absolute certainty. Transits of stars, 
whose right ascension is known, give the hour with equal accu- 
racy. • 

937. When the transit instrument is not placed truly in the 
meridian, the observation is made on another vertical circle, and 
the hour angle can thence be calculated, when the latitude is 
known ; for in the triangle, whose angles are at the pole P, and 
at the two stars A and B, there will be given the angle t = the 

difierence of right ascension J^ the interval of time, and the 

two polar distances, D and D', to calculate the angle A ; and 
in the triangle A P Z will be given the angle A, the side 
P Z = co-latitude, and the side A P = D, to find P = Z 
P A, the hour angle of the star A. 

The formulae are, 

tan S =: cos f tan D 
S' = D' - S 

tan A = tan ^ sin S cosec S' 

tan S^' = cos A tan D 

cos S''' = cos L cos S" sec D 

H = S'' + S''' 

sin P sr sin H sin A cosec L 
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938. The time may be calculated in a place whose latitude 
is known from a single altitude of the sun, or of some known 
star. 

The formula for this purpose is, 



sin ^ P = -y cos ( ) sm ( — h) cosec D sec I 

In which P is the hour angle, h the sun's altitude, / the latitude of the 
place, and D the sun's polar distance. 

When the latitude is not known with absolute certainty, as will fre- 
quently happen at sea, the altitude should be taken near the prime 
vertical, for, in this position, a variation in the latitude produces the 
least change in the hour angle. Delambre. 

Example of the Calculation : 

A = 6o 10' 20'' 

/ = 40O 42' 45" sec 0.12034 

D = 850 30' 20" cosec 0.00134 



1320 23' 


25" 


isum = 6lo 11' 


42" 


: rum — A 55c 01' 


22" 


1 P = 430 48' 


40" 



cos 9.68229 
sin 9.91348 



2 ) 9.71805 
sm 9.85952 
P = 87° 17' 20" = 5 hrs. 49' 09" 

939. When the latitude is calculated from two altitudes of 
the same or different heavenly bodies, the hour angle P, cor- 
responding with one of the altitudes, is ascertained in the course 
of the process, and thus the same observation gives both the ^ 
latitude and the time, as may be seen by the following example : 
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<B=650 2<y SC^ D'sa69o 47' 5(y' D«d510 23' 80" h'ss47^S(y IQ'f 

Jk=18o 45' »" 

* = 650 20' 30" cos 9.62035 tan 0.33812 
D' = 690 47' 50" tan 0.43417 cos 9.53825 



x = 430 35' 15" tan iUQ5452 sin 9.87504 sec 0.17949 
D = 51° 23' 30" 



J}^x=s -20 58' 15" coscc -0.28545 cos 9.99941 



V = 107^ 53' 04" tan -0^9861 



C = 620 43' 59" cos 9.71215 



h = I80 45' 20" 

A'= 470 30' 10" 

C = 620 43' 59" 



2 ) 1280 59' 29" ^* 

i sum = 640 29' 44" cos 9.63406 
A' 3x47° 30' 10" cosec 0.05116 



I60 59' 34" sin 9.44014 



I80 45' 20" sec 0.02370 



2)9.14906 
I W = 220 03' 04" sin 9.57453 
W = 440 06' 08" 



u =620 26' 56" cos 9.66516 tan 0.28257 



I80 45'' 20" cot 0.46908 sin 9.50722 



z = 530 43' 03" tan 0.13424 sin 9.90638 sec 0.22385 
D— 2 =-20 19' 34" cosec -1.39162 cos 9-99964 



•^ . P =910 30' I7" = 6hrs. 6' 1" -tan -1.58057 



L = 320 32' 30" COS 9.73071 



7 = 57^ 27' 30" Latitude of the pla<*. 



.■;^- r. .f- .. 



i 






940. Dials are frequendy constructed for the pid^ose of show- 
ing the hour by means 0f the shadow projected from a gnomod^ 
The gnom6n usually points to the pole of the heavens, while 
the surface of the dial is plane \ this plane may be horizontal, 
verticals or inclined. When a gOQipion points to the pole, the 
shaA>w will always fall on the same line, at the same apparent 
time, whatever be the declination of the sun. 

The angle which the line that bounds the shadow of the gnomon , 
makes, at any given hour, with the base of the gnomon, i^^y> i'^ *^ 
the case of the horizontal dial, be found by the formula, / 

tan a = sin /tanP, 



t 

% 



Where a is the angle, I the latitude of the place, and P the hour angle 
of the sun on the celestial sphere. «. 

When a vertical dial faces due north or due south, its angles may be 
found by this formula, .^ 

tan a = cos / tan P. 

When a dial is vertical, and inclined at any angle to ^cOMridian, or 
when it is inclined to the horizon, the position of Its lines, and the 
elevation of its gnomon, may readily be found by the application 
of the formulae of spherical trigonometry. As these constructions 
are of little real value, it is unnecessary to give them. See Fkr- 
ousoN, StUct Exercises. Encyclopedia Britannica, article 
Dialling. 

Mode of Calculating Altitudes. 

941. When the latitude of the place of observation, and the 
hour angle of a heavenly body are known, id altitudf may be 
calculated by the following formula i 

tan X = cos P cot I 
sin A S5 sin ? cos (D — a;) sec » 
Vol. n. 29 
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EXAXFLK. 

P = 02- 5(y / = 40^ 42' 45" D = 66^ 32' SIV 

52^ 3(y 00" cos 9.78113 

40^ 42' 45 ' cot 0.08702 sin 9.81442 



X = 35^^ 04' 16" tan 9.86815 sec 0.08702 
D — a: = 31^ 23' 14" cos 9.93089 



h = 42^ 48' 35" sin 9.83233 



his problem is of use in taking lunar observations on the land, with 
the reflecting repeating circle, where it b usual to employ the tune 
and latitude by estimate, and calculate the altitudes of die bodies 
whose distance is observed. 



Modes of Calculating Azimuths. 

942. The azimuth of a known heavenly body, may be calcu- 
lated when the latitude is known, and its altitude is observed ; 
or, when the latitude and the hour are given. The first of 
these is performed by the formula, 



/ .D + L + H . /D+L+H . 
In^Zssv sin f : H jsinf — — — .— L jcosecHcosecL 



sm 



The second by the formula, 

cot Z =s sin L cosec P cot D — cos L cot P 

Delambke, chap, xviii. 

Where D, L, and H, are the compl^nents of the declinati^w, latitude, 
and altitude, and P the hour angle. 

The calculation of the first of these formulae is so similar to those of 
§ 939, that no example is necessary 5 we shaU, therefore, give one 
ofthe second only. 
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EXAMPLE. 

L = 490 ir 15" D = 720 15' 45" P = 87^ 15' 30" 

. L = 490 ir 15" sin 9.87956 cos 9.81442 

P = 87° 15' 30" cosec 0.00050 cot 8.68022 ' 



D r= 720 17' 45" cot 9.48298 .031235 log 8.49464 

9.36304 log .230700 
Z = 740 48' 52" cot 9.41819 log .261935 



Modes of Finding the Longitude of a Place. 

943. An eclipse of the moon being seen to an entire hemis- 
phere of the earth, and beginning at the same instant of abso- 
lute time, difference of longitude may be determined by the 
difference of the apparent time of beginning under two different 
meridians. 

As the shadow of the moon is not well defined, some uncertainty takes 
place in the obserration; this amounts, as has been observed, 
§837? to eight minutes in time. In making use of thb method, t^e 
apparent time of beginning is compared with that calculated for the 
first meridian. 

944. On the same principle, the eclipses of Jupiter's satel- 
lites may be employed. These may be compared with the pre- 
diction as given in the Nautical Almanac, or, which is better, 
with actual observations made under some known meridian. 
The difference in the time of immersion, or emersion, is the 
difference of longitude in time. 

This method cannot be u^ed at sea, where the motion of the vessel 
will prevent the use of the telescope. 

945. The longitude may be found by means of a chronoqie- 
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ter ; if die rate of this be well ascertained, it will furnish, by mere 
inspection, the mean time at the place where it was set ; the ap- 
parent time at the place of observation, obtained hy some of die 
methods that have been pointed out, is then reduced by means 
of the equation of time to mean time ; the difference of die 
two is the difference of longitude. 

This method is much used at sea \ it is also applicable to observations 
on the land ; but chronometers have not yet generally attained that 

» 

perfection which would enable them to sustain, without changing 
their rate, the rapid motion of carriages, or of the human body in 
walking, while the more equable oscillation of a ship does not af- 
fect them. Some of Parkinson and Frodsham's chronometers are 
said to be fitted for this purpose. 

Useful as chronometers are in navigation, it would be unsafe to trust to 
them altogether, for their mechanism is liable to accidents that can- 
not be guarded against. It b, therefore, absolutely necessary, on 
long voyages, to make use of the method called the lunar observa- 
tion. 

946. Of all the heavenly bodies, the moon has the greatest 
geocentric motion. This is so rapid as to be distincdy percep- 
tible in the transits of the moon over different meridians. An in- 
terval in the apparent time of this passage, equal to ^ of a 
second, corresponds with 6^^ of longitude in time. And this 
accuracy may be readily obtained from the mean passages over 
several wires. 

This will, probably, form the usual mode of ascertaining the difference 
of longitude between fixed observatories; it has been put in practice 
at Greenwich and Paris, but the result was not estimated by Delam- 
bre, in 1814; to have reached the above degree of accuracy. 

947. At sea the same method cannot be used, nor is equal 
accuracy to be expected ; here the distances between the moon and 
fixed stars, or |be sun, may be measured. These distances are 
to be found in the Nautical Almanac, calculated for intervals of 
three hours. The motion of the moon for three hours, is so 
nearly uniform, that a simple proportion' is sufficient to ascer- 



Ftatn the distance for any interrnediate instant, or lo determine ^ 
the time at Greenwich lo which any intermediate distance cor- 
responds; the last, compared with tlie apparent time at the 
place of observation, gives the longitude. Delaubbe, chap. , 
xsxvi. 

948. Although nothing can be simpler in theory, or at ihe-J 
same time more accurate, and although it is more tiian 300 1 
years since this plan was first proposed, it has but lately sue- 1 
ceeded tolerably in practice. To predict tlie distances of the 
moon from the sun, and other heavenly bodies, with sufficient 
nicety, requires very accurate tables. Even with the best ta- 
bles now in use, and with the best reflecting instruments, the.J 
error may amount to one third or one fourth of a degree of Ion- 1 
gitude. Delambhe. 

949. The calculation of llie lunar observations is itselflong, 
and, to persons unacquainted with the principles of spherical 
trigonometry, abstruse. The observed distance is affected by 
parallax and refraction, in a degree that varies with the position 
of the observer, and cannot be calculated beforehand. When, 
therefore, the observer has taken the apparent distance of tb< 
objects, and marked the lime of his observation, he must correi 
the apparent distance for the effects of these two cause: 
The elements, whence they are calculated, are the altitudes 
the bodies at the time of observation. DELiMBRE. 



I 050. A lunar observation consists, therefore, of three part! 

'ind it is usually made by three observers, one of whom observ^ 
the distance, and the other two the altitudes. Several sets of 
these are commonly taken, the mean of which furnishes the data 
for calculation. A single observer may, however, take lunar 
observations ; in this case he will observe altitudes and the dii 
tance alternately ; or, .the true altitudes maybe calculated b' 
Jhe method in ^941. 
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These obsen'adons give, then, P, the apparent distance, H, 
the altitude of the sun, and H' that of die moon ; h and A', the 
tme corresponding altitodes, may be thence ascertaoned ; for 
calling r and r^, p and/»^, the refractions and parallaxes of the 
two bodies. 

It may be remarked here, that the apparent altitude of the son is al> 
wajTs greater than the troth, for the sun is more raised by refraction 
than he is depressed by parallax ; on the other hand, the moon*s 
apparent place is always lower than the true one, for the moon's 
parallax exceeds her refraction. 

It is also to be noted, that it is the distance between the centres of the 
bodies that is to be used, for which reason the semidiameter of the 
moon, taken from the Nautical Almanac, and corrected for her alti- 
tude, is always to be applied ; and, also, tUt semidiameter of the 
sun, when he is used. With these data, the calculation may be per- 
formed, and dj the true distance, found by this theorem. 

cos h cos A' 

cos (I = sin A sin A' H (cos D — sin H sin H') 

cos H cos H' 

This formula is not adapted to general use, being liable to difficulty in 
consequence of the algebraic signs of cos d and cos D. It has been 
converted into the following form by Borda : 

sin ^ cf = cos i (A + h') cos x 

H + H' + D 

S = 



cos h cos h' 
icos S cos (S — D) — ^— 

^ cos H cos H' 

sin a: =s ^ '   

cos i (A + h') 

« 

We shall give an example of each of these two methods, taken from 
Delambre. 



V 
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D = lOlo 46' 48" 

H = 560 16' 5(y' 

H'^ 17° 47' 27" 

A = 560 16' 18" 

A' = 180 38' 43" 



sec H 
sec H' 
cos h 

COS h' 



2 COS M 
Thus far the process is common to both methods. 



0.25561 
0.02128 

9.74449 
9.97658 

9.99796 



(1) — 0.20318 

(2) — 0.25295 



— 0.45613 
(3) 0.26589 



— 0.19024 
whose log 9.27929 = COS d 
d = 1000 58' 00" . 



COS D = — 9.30991 



(1) — 9.30787 



2 COS M 
sin H 
smH' 

(2) 
sin h 
sin A' 



9.99796 
9.92000 
9.48508 

9.40304 
9.91995 
9.50475 



(3) 9.42470 



By the formula of Borda : 



D 
H 
H' 



S 
S-D 

A 
A' 



1010 46' 43" 

b&> 16' 50" 

170 47' 27" 

1750 51' 00" 

87° ^t' 30" 

-150 51' 13" 

560 16* 18" 

180 3g/ 43// 



J(A+A') = 37^ 27' 30" 5 



2 cosM 9.99796 

cos S 8.55880 

cos (S — D) + 9.98718 

2 ) 8.54394 

9.27197 

sec i (A + A') ai0029 
sin X 9.37226 



cos X 9.98759 
cos |(A + A') 9.89971 



// 



sin i rf = 500 29' 00 
d = lOOc 58' 00" 



9.88730 



J. 
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< 
These direct methods are but little used in practice ; other formulae 

have been investigated, the several members of which have been 
formed into tables, and thus the labour of calculation has been 
much lessened. Among these may be mentioned, the Cambridge 
tables, those of Mendoza de Kios, and Stansbury of New-Yoric ; 
other methods are given in the requisite tables, by Maskelyne^ 
and, more recently, Lax has published a new set of very portable 
tables for this purpose. It may, however, be stated, that if the me- 
thods given above be longer, they are more accurate than any 
others. 

A variety of other formulae may be seen in DblAmbre, YoL III. 
chap, xxxvi. 

• 

951. No notice is usually taken, in freeing the apparent dis- 
tance of the effects of parallax, of the variation produced in that 
element, in consequence of the spheroidal figure of the earth. 
In taking this into account, (which is but seldom necessary in 
lunar observations,) the parallax for the latitude of the place 
must be employed, and the parallax in altitude calculated in re- 
ference to the geocentric zenith. The refraction, on the other 
hand, has reference only to the zenith pointed out by the plumb* 
line. See Delambre, chap. xv. and xxxiv. 

952. Observations of solar eclipses, and occultations of fixed 
stars by the mooti, furnish very excellent data for calculating 
the longitude. The apparent time of beginning and end are to. 
be observed by means of a good telescope ; for each of these, 
with a time at the first meridian, deduced from the lon^tude by 
estimate, the apparent distance of the centres is to be calculated ; 
should this agree with the sum of the semidiameters of the two 
bodies, the estimated longitude is correct ; should it net, the 
distance of the centres is to be calculated, for an instant suffi- 
ciently distant from that which has been before used, to include 
the apparent distance of the centres. The motion of the moon 
from the sun, for the interval, on her apparent orbit, may be ta- 
ken as uniform, and the correction in time to be applied to the 
estimated longitude ascertained by a simple proportion. Each 
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Golipse and occuliation, if the whole duration be visible, far^ 
nishes two such observations, wliose mean may be taken as (he 
truth ; a total eclipse, and a central amiular eclipse, furnish 
four. DELAMBaE, chap. xxvi. 

953. When the beginning and end of the eclipse axe both 
obBerved, the time of geocentric conjunction, for the place of 
observation, may be calculated ; this, compared with the lime 
of geocentric conjunction, for the first meridian, gives the dif- 
ference of longitude. See G&rnett, Requuite Tables, and 
Macsav, on the Longitude. 

It has been cuftomary to deduct 3" from the semidiameter of the sun, 
given in the Nautical Almanac, for bis irradiation ; and 2" from 
that of the moon, for an inflexion, supposed to be produced by 
her atmosphere. Strong doubts, however, may be entertained of 
the correctness of this method- 

954. The elements that are employed in the calculation of the 
parallaxes in longitude and latitude are as follows, viz. 

<■ the obliquity of the ecliptic, corrected to the time assumed for the 

calculation for tlie ellects of m 
M the right ascension of the meridian. 
I the geocentric latitude. 

p the diflerences of the horiaontal parallaxes of the si 
A the polar distance of the moon. 
3 the longitude of the n 

955. The formula for calculating the longitude of the aooa- 
(gcsinial degree is. 
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EXAMPLE. 

** = 23^ 27' 46" cos 9.9625312 sin 9-6000502 

M = 90O 09^ 22" tan -2.5646957 sec -2.5646894 

I = 40O 87' 27" tan 9.9318<^8 



(1) -336.69 log -2.5272269 (2) -124.92 log -2.0966094 

(2) -124.92 



-461.61 log -2.6642752 tan 90© 07' 29" 

The formula for the altitude of the nonagesimal is, 

sin A = cos M cos / sec N 

DelambbK) chap. xv. 

EXAMPLE. 

1^ = 900 09* 22" COS — 7-4353106 
I = 4jgp 37' 27" COS + 9.8808890 
N = 90® 07' 29" sec— 2.6621789 : U> 



h = 720 04' 12" sin + 9-9783785 



956. The formula for the parallax in longitude is, 

(sinpsin Av /sin ]) — Nv /sinpsin A\ « /8in2( ]> — N)\ 
)( ) + ( ) (- )+&c. 
sinA^N sinl" ^ ^ sin A ^ ^ sin 2" ' 
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ir SAMPLE. 

p =00^ 55' 08" 58 sin 8.2051960 
h =72^04' 12" sin 9.9783785 
A =89° 48' 29" cosec 0.0000026 



8.1835771 X 2 6.3671542 

]) -. N = 620 26' 29" sin 9.9476794 ]) — N X 2 sin 9-9139559 

1" cosec 5.3144251 2" cosec 5.0133951 



(1) 2790" 5 log 3.4456816 (2) 19" 7 log 1.2945052 

(2) 19" 7 



2810" 2 



46' 50" 2 

957. The parallax in latitade may be calculated by the fol- 
lowing formulae : 

sin cos h sin a — a; sin p cos A ^ sin 2 (^•^ x) 

= - (-1 ) ( )+(-^—) {-^ •)+ &c. 

cos X sin 1" cos x sin 2" 

tan a; = tan A cos ( D — N + i *) sec ^ <r 

Delambre, chap. xv. 

EXAMPLE. 

h = 72° 04' 12" tan 0.4900324 
D -N = 620 26' 29" 
^ «• = 23' 25" 



620 49' 54" cos 9.6596567 
23' 25" sec 0.0000101 



4B =t 540 41' 05" tan 0.1496992 
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P 
h 



X = 



55' 08" 58 sin 8.2051960 
720 04/ 12'' cos 9.4883722 
540 41' 05" «ec 0.2379414 



A— a; =r 



7.9315096 

360 07' 24" sin 9-7599234 

1" cosec 5.3144251 



(0 



1013" 5 log 3.0058581 

7" 1 



' 1020" 6 



17' 00", 6 



X 2 5.8630192 

2 (A — a;) sin 9-9736618 

2" cosec 5.0133951 



(J) 7"1 log 0.8500761 



The parallax, in latitude and longitude, being applied to those ele- 
ments, give the moon's apparent place^ in relation to the sun 5 and 
hence the distances of the centres may be calculated* . The trian- 
gle, employed in this case, being smaD, is usually consi<lqnkl as i| 
plane triangle.' 

The calculation for occultadims is, in every lespect, th^Miie, except 
that, instead of jp, «r the moon's hprioealal parallax is taken ; and 
the distance of the centres b equal to the moon's semidiameter 
only. 
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Page IS- line 1 $. for « R,'^ read « R« .'> 

18. for <« when three forces/^ read '^ when three oV&qa^ 
forces.^* 
14. 15. for " R,'' rca</ « Ra .'^ 

20. ybr " arcs/' rcaJ " axes.'' 
21. 3 from bottom, and p. 22. line 3 from top, /or.** frusir 

trum," re€ui " frustmn." 
28. 2 from bottom, for << as the thickness/' read ^^ as half 

the thickness." 
58. 21. for « Equally," read " Equably." 
76. 1. ybr " twice," read " four times." 

94. 6. /or « might," rca</ " weight." 

95. last lme,/or " Nievellement," read ^ Nivellement.^* 
415. line 11 .for " terniers," read " Verniers." 

29./or " Sharpsburgh," read <^ Shuckburgh.'^ 

30. for " gembals," read ^* gimbals." 
1 17. 14. for " g^'," rearf " ^ _ ^'" 

119. 16. for " Geodotic," read « Geodetic." 
128. 1 . for « y," reorf " g." 

143. 16. /or " the' given quantity," read " Q the given qoafiy 

tity," 

144. 23. for ^ the section, the stream," read « the sectioQ of 

the stream." 
148. 10. for " 26000," read « 27600." 
153, 13. far « Elesian," read " Etesian." 

164. 6. /or " concavity," read " convexity." 

165. 14. for «' of interval," read « of the interval." 

ler. 1. /or « T, H, t, H, T, ^, T," read « T, H, T, /, H, T, t^ 

175. 1. /or " act," ree?^ « acts ;" line 4,/or " instance," reaJt 

" instant." 
179. 23. for « 84600," reorf " 86400." 
195. 3 from bottom, dele << and third." 

213. 7. /or « half," read " twice." 

.21 & J, for ^ greater," read " less,'^ 
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f^gt 57. line 2. /or " N. E. and S. W.^ mwf «N. W. and 9. E » 
59. 7» yiw " Graphomentor," new/ " Grapbonfeter." 
79. 14. /or " effected/^ reaf " affected." 
80l 6. /or ** convex/' read " concave.^ 

7- /or " Meniscas,"r«w/" Meniscus.'* 
81. 8. and 1. 10. for " convex,'' read ** concave." 
94. 3. for " concave," read '^ convex." 
100. 5. af^er ^ this operation," tn«erif ^'6r by depressing tl|e 

lens into the bottom of the eye." 
122. 24. for " detennined," read " conceived." 
127. 2 from bottom, /or " meridian," read " equator/' 
145. 26. for " decreases," reorf " rocreases.^' 
27. for " decrease," read ** increase." 
last line, dele ^ common." 
152. line 1. for " connected," reocf^ coincided*^ 
222. 11. q/ifer " cospc," iiMfr^ << AV* 
22s. 17. for « 610," rfod « 6&>J^ 
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